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ABSTRACT 
 
Identifying, examining, and understanding faculty members’ technological 
knowledge development and the process of technology adoption in higher education is a 
multifaceted process. Past studies have used Rogers (1995, 2003) diffusion of innovation 
theoretical framework to delineate the technology adoption process. These studies, 
however, have frequently reported the influencing factors based on the statistical analysis 
such as regression analysis-based approach, and have not focused on the emerging 
process of technology adoptions or the developing process of technological knowledge 
and pedagogical knowledge. 
A mixed method study was designed to see how faculty members acquire 
different technologies and develop technological knowledge that might help them adopt 
technologies in their classrooms and online using different pedagogies. A sample of 
STEM teaching faculty members with different ranks, tenure, teaching experience, and 
varied degree of experience in the use of educational technologies participated in the 
study. A survey was designed to identify internal and external factors affecting 
technology adoption and its effective use in different teaching activities. To elaborate 
survey results, the study also included class observations as well as pre- and post-
		 vi 
observation interviews. Online classrooms used by the faculty via Blackboard learning 
management system, online flipped classrooms, or other websites such as Piazza were 
also examined for data triangulation. 
The findings of the study indicate that faculty members are influenced by their 
own professional motivations and student learning to improve their teaching methods 
and to enhance student interactions and learning through the use of different educational 
technologies. The adoption process was identified as spreading over a period of time and 
it looked at how faculty members’ developed their technological knowledge and 
pedagogical knowledge. With the recognition of the social, organizational, and 
professional motivational factors both expert faculty members, university administrators, 
and technologist could be made aware of the critical components necessary to construct 
and support a bottom-up or user-centric successful innovation adoption decision process. 
The bottom-up approach would use expert professors as change agents and educational 
designers that would encourage exchanges and meaningful dialogues about educational 
technology adoptions and effective uses of technology with pedagogy within each 
discipline and department. 
 
Keywords: Diffusion of Innovations (DOI), Technology Adoption(s), Active 
learning (AL), Technological Knowledge (TK), Pedagogical Knowledge (PK), 
Technological pedagogical knowledge (TPK), Technological Pedagogical and Content 
knowledge (TPACK). 
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Chapter 1 
Introduction 
 The use of educational and online technologies, their experimentation, and 
innovation are proliferating in higher education (Taylor et al., 2011). Some universities 
are delving into hybrid learning environments and flipped classrooms to increase student-
to-professor connections or student-to-student interactions. Other colleges are channeling 
efforts into Massive Open Online Courses (MOOCs) to open their university courses to 
online students outside of the campus, advanced teleconferencing to connect students to 
other experts and off-campus professors, distance learning platforms with streaming 
video, synchronous and asynchronous discussion boards to heighten online engagement 
or to provide students with twenty-four hour seven days a week access to electronic 
content via e-documents, videos, podcasts, or other online teaching and learning activities 
(Abrami et al., 2012; Anderson et al., 2013; Brown  et al., 2015).  
 Within the classrooms, educational technologies have provided faculty members 
with a large array of options for organizing, designing, and delivering content and 
instruction. These technologies include audience response systems or clickers, document 
cameras, lecture capture technology, Interactive whiteboards, smart podiums, mobile 
tablets, and collaboration technologies that are used for direct instruction, peer learning, 
cooperative learning, collaborative project based learning, and active learning (CDW-G, 
2012). 
 With high-stake investments in classroom and online technologies, open learning 
systems, MOOCs, and campus-wide digital learning initiatives, universities are realizing 
that many faculty members are not adopting or using technologies effectively in their 
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courses (Rice & Miller, 2001; Clark, 2001; Nicolle & Lou, 2008; Baia, 2009; Taylor et 
al., 2011). Leggett & Persichitte (1998) and Ertmer (2005, 2010) identify different types 
of barriers to technology use and adoption by faculty members. These are: time, 
expertise, access, resources, and support.  The lack of time is at the top of the faculty 
members’ list as the obstacle most often mentioned. This includes time to plan, 
collaborate with peers, prepare lessons and materials, explore, practice, and evaluate, as 
well as to develop, maintain, and expand skills. Technology knowledge and expertise is 
another likely obstacle to technology adoption and use. Adams (2002) finds similar 
barriers related to faculty members’ expertise such as limited computer training while 
Kagima & Hausafus (2001) identify lack of educational technology competence as a 
concern.  
 With the lack of technology skills, there is concern regarding how to effectively 
use technologies in education. According to D. L. Rogers (2000) “the weak link in the 
knowledge infrastructure in most institutions is the skills and training in Information Age 
tools... It is imperative that institutions realize that it is not only technology that is 
important, but also the learning methodologies utilized to employ the technology (p. 21).” 
The author emphasizes that training and support focused on both technology and effective 
use in teaching and learning designs is necessary. Ertmer (1999, 2005, 2010) also 
identifies barriers to technology use and adoption in education. She identifies two types 
of barriers, first order and second order barriers. First order barriers are related to the use 
of hardware, software technologies, and technology-related skills. Second order barriers 
are related to the effective use of technologies in teaching and learning contexts. She 
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emphasized that second order barriers were more prevalent with teachers due to time 
constraints and lack of knowledge about the effective ways to use educational 
technologies.   
 The same concern is identified in Horizon report by Johnson, Adams & Cummins 
(2012) where six key technology trends have been identified that may shape the future of 
educational technologies in higher education. These are: iOS and android mobile 
applications, tablet computing, game-based learning, learning analytics, gesture-based 
computing, and the Internet of Things methodology. The report specifically looks at how 
these trends will impact faculty members’ teaching and learning environments. The study 
concludes that higher education’s own processes and practices limit broader applications 
and use of new educational technologies. The authors state that “much resistance to 
change was simply comfort with the status quo, but in other cases, such as in promotion 
and tenure reviews, experimentation with or adoptions of clearly innovative applications 
of technologies was often seen as outside the role of researcher or scientist” (Johnson, 
Adams & Cummins, 2012, p. 10). The conclusion is that faculty members don’t have the 
necessary time to explore the skills to effectively use educational technologies in their 
teaching and that limited use and technology applications in the classroom are still 
prevalent in higher education. 
 Research studies have been conducted to investigate factors that influence the use 
of technology for teaching and learning objectives (Bauer & Kenton, 2005; Levin & 
Wadmany, 2008; Sahin & Thompson, 2007). These studies have shown that providing 
only educational technology tools to faculty member does not result in their effective use 
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within any teaching and learning context. There are other factors that may determine 
when and why educational technologies are adopted and finally integrated into teaching 
and learning.  
 Internet & American Life Project and Elon University ask digital stakeholders to 
weigh on two technology use and adoption scenarios for 2020 (Andersen et al., Pew 
Research Center, 2012). In the two scenarios depicted, one group of faculty stakeholders 
(60% participants) suggests substantial change in teaching with educational technology 
whereas in another scenario 39% of the stakeholders articulate modest changes in higher 
education. The differences in scenarios are expressed on the belief as to what extent 
educational technologies will transform the way faculty members use them in their 
classrooms and online. For instance, the 39% of participants predict that there will be 
little change in the way faculty members will deliver their lectures and that the prevalent 
mode of teaching will still be traditional lectures in higher education. 
 To gauge faculty members’ interest in developing new skills with seventeen 
educational technologies, Johnson et al. administer a nationwide survey (NMC Horizon, 
2016). The survey shows that faculty members consistently agree or strongly agree that 
training in the use of classroom technologies can make them better instructors (between 
47% and 64% of faculty for each classroom technology). Although they consider training 
in the use of classroom technologies to make them better instructors is important, the 
difference in the levels of interest and actual use in educational technologies indicates 
that faculty members are either not completely incorporating or are not fully capable of 
using educational technologies to design innovative teaching and learning experiences in 
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their classrooms (Johnson et al., NMC Horizon, 2016). 
 Faculty members have been using educational technologies for more than twenty 
years, but their use in the classroom has been limited. In a survey by EDUCAUSE 
Center for Analysis and Research (Brooks, ECAR, 2015), researchers find that “faculty 
members own a lot of technology and in general have a very positive orientation toward 
technology (p. 4).” The study further explores what faculty members think about 
technology as it relates to teaching, learning, and students, and the reasons why many 
professors (N = 13,276 professors, 136 institutions, and 12 countries) are reluctant to 
incorporate technology into their teaching, pedagogy or curricula. They need clear 
evidence of the impact of technologies on student learning and the practices associated 
with them. They need more time and want more training, support, and development to 
help them better understand how to use the technologies effectively. They also want 
resources that can give them the ability to change their pedagogical approaches and 
curricula (Brooks, ECAR, 2015). 
 In another national and international report on the future use of technology, 
eighteen topics that are related to the educational applications of technology are 
selected and examined from fifty-eight educational technology experts and sixteen 
countries in 2016 (Johnson, L., et al., Horizon Project Higher Education Expert Panel, 
2016). The study determines that all of the areas are very likely to impact technology 
planning and decision-making over the next five years (2016–2020). Six key trends, 
six significant challenges, and six important developments in educational technology 
are discussed directly in the context of their likely impact on the core missions of 
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universities and colleges. One of the key challenges identified is how to continue to 
encourage faculty members, to meet high-quality teaching standards and to design 
their instruction considering various teaching pedagogies as well as available 
educational technologies. The study concludes that less than half of the professors 
understand the need for integrating new emerging pedagogies and strategies, such as 
the flipped classroom and active learning environments with educational technologies 
(Johnson, L., et al., Horizon Project Higher Education Expert Panel, 2016). From this 
study, it is determined that there is a need to further explore the concerns of faculty 
members regarding technology uses and how to continue to encourage them to 
integrate different pedagogies with technologies. 
Context of the problem 
 The study of educational technologies adoption and effective pedagogical use 
is significant for several reasons. From current national studies and research on 
educational technologies (CDW-G, 2012; Johnson, L., et al., NMC Horizon, 2016), it is 
concluded that to increase the use of educational technologies for teaching and 
learning purposes, faculty members need to develop skills for effective use of 
educational technologies. The use of educational technologies has a great impact on 
student engagement and motivations, learning styles, student to student exchanges, 
student to faculty interactions, faculty demand and satisfaction for technology use, 
and student learning outcomes (Freeman et al., 2014; Dahlstrom, 2015).  	 Means et al. (2009) conducted a meta-analysis to determine the impact of 
online or technology-based learning methods on classroom instruction. The study 
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conducted on fifty effect size found on forty-five studies contrasting a fully or partially 
online condition with a fully face-to-face instructional condition. Length of instruction 
varied across studies and exceeded one month in the majority of them. It concludes that 
the instruction combining online techniques with face-to-face methods produces 
better academic performance by students than that which is only online or face-to-
face. In another large scale meta-analysis of learning methods of six hundred and forty 
studies comparing active learning methods to traditional lecture in STEM courses (looked 
at the p value and effect size of active learning on students), Freeman et al., (2014) 
conclude that undergraduate students in classes with traditional stand-and-deliver lectures 
are 1.5 times more likely to fail than students in classes that use more stimulating 
teaching and learning activities such as active learning methods (Bonwell, & Eison, 
1991). 
 It is becoming clear that knowledge related to educational technologies, 
technology skills, and effective pedagogical use of educational technologies is becoming 
widely recognized as an important aspect of an educator’s knowledge base (Graham et al., 
2009; Laurillard, 1993, 2002). Some studies have also indicated that the use of 
educational technology in teaching demands that teachers develop their knowledge of 
technology with pedagogy and hence become more able to integrate a range of 
educational technology tools effectively into their teaching (Goodyear, Jones, Asensio, 
Hodgson, & Steeples, 2004; Yunus et al., 2006; Strampel & Oliver, 2007). It is 
important to note that using educational technologies incorporates more than simply 
utilizing classroom technology and information and communication technology (ICT) 
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tools; it is the creation of complex interactions between artifacts, users, tools, content, 
and practices (Mishra & Koehler, 2006; Mishra et al.,2009). Warwick et al., (2010) have 
also concluded that the teacher’s role is not confined to direct interventions with 
educational technologies, but rather to develop innovative ways to employ technology 
with pedagogy for designing appropriate teaching and learning tasks. 
 Faculty members need to understand the necessity to explore and incorporate 
new emerging and complex pedagogies that support more active and interactive 
teaching and learning activities with different educational technologies (Bonwell, & 
Eison, 1991; Mishra & Koehler, 2006; Hargis et al., 2014). To develop the effective 
use of educational technologies at the university level, it is important to study the 
diverse ways faculty members adopt technologies, develop their technological 
knowledge, and interact with different technology innovations in order to develop 
various pedagogical uses and designs.  
 To understand how diffusion, adoption, and implementation (Medlin, 2001; 
Rogers, 1995, 2003) of educational technologies and pedagogies occur with different 
faculty members, it is becoming increasingly important to understand some of the 
challenging diffusion and adoption processes that can influence faculty members’ 
technology adoption and its effective use in teaching and learning environments. 
Some of the processes that may influence adoption can be the social setting of the 
university, institutional mandates, organizational decisions made by administrators as 
well as professional and personal interests in student learning and in changing their 
own teaching practices, (Havelock & Zlotolow, 1995; Wejnert, 2002; Rogers, 1995, 
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2003). One of these factors by itself may influence the decision to adopt educational 
technologies or these may act as a combination of factors that influence a faculty 
member’s educational technology adoption process and the extent to which the 
available technologies are used within different teaching and learning activities. To 
assess why faculty members adopt and use certain educational technologies (or why 
not) and how they develop their technological knowledge with different pedagogies is 
therefore very critical to researchers in education, university administrators, 
educational technologists, and instructional designers in general.  
 One of the most important and earliest studies in the area of adoption and 
diffusion of innovations (DOI) is done by researchers working in the field of rural 
sociology that investigated the diffusion of hybrid-seed corn (Ryan & Gross, 1943 as 
cited in Rogers, 1995). This study was influential in the development of the diffusion 
of innovations theoretical framework by Rogers (1995, 2003). There have been 
numerous studies related to the adoption and diffusion of innovations in higher 
education, business, health sciences, and other related fields. Most of these studies use 
DOI to understand the adoption of different educational technologies and ideas 
(Geoghegan, 1994; Jacobsen, 1998; Medlin, 2001; Rogers, 2003). Using different 
statistical models, they mostly report some of the influencing factors on the technology 
diffusion and adoption among the university professors. These studies however do not 
focus on the process of developing adoption patterns over a period of time, reasons for 
adoptions or non-adoptions based on individual experiences with group experiences, 
adoptions (or non-adoptions) based on emerging technological knowledge and 
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pedagogical knowledge, and on the process of ensuing pedagogical adoptions with 
various uses of technology in the classroom and online. 
 In the studies on adoption and implementation of educational technologies, some 
of the many factors that are shown to influence a faculty member’s decision to adopt or 
not to adopt a technology include technological superiority (hardware and software), 
institutional incentives, and social settings (Geoghegan, 1994; Jacobsen, 1998; Rogers, 
1995, 2003; Straub, 2009). There can be other factors or influences that may play a role 
in the technology adoption process and how they are going to be effectively used in the 
classroom. It has been found that during the early phases of adoption, faculty members 
may consider the exploration and experimentation process of an educational technology 
with one or two teaching and learning activities (Bonwell &Eison, 1991; Matthew & 
Craig, 2012).  
 To develop the various technological knowledge areas or domains, faculty 
members may also need to know how the educational technologies can be used with 
different pedagogical activities in their courses (Mishra & Koehler, 2006; Harris, 
Koehler, & Mishra, 2009). This may require faculty members to explore ways to 
integrate technology into the existing content and pedagogy in their courses. This may 
also necessitate an understanding of the influence of individual faculty member on other 
faculty members or on a group of faculty members and their trajectory of educational 
technological adoptions with different pedagogical designs. In this regard, the 
Technological Pedagogical and Content Knowledge (TPACK) theoretical framework and 
active learning pedagogies (Bonwell, & Eison, 1991; Matthew & Craig, 2012) combined 
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with DOI can help further shed light on the process of technology adoptions and 
development of the different knowledge components (technological and pedagogical) and 
their interactions when faculty members adopt and use technologies in their teaching 
(Mishra & Koehler, 2006, Harris, Koehler, & Mishra, 2009). 
Statement of the problem 
There are many roles that a teacher or faculty member needs to appropriate 
when teaching with educational technologies: provider of online information, 
creator of communication spaces, facilitator of discussions, and designer of 
knowledge building environments (Gonzalez, 2010). These different roles may 
require specific skills that may be based on past acquired knowledge such as traditional 
pedagogical techniques and content knowledge or newly developing or developed 
pedagogical information that needs to be integrated with the new technological 
knowledge. It is worth noting that there have been very few studies on the emerging 
adoption processes with technological knowledge, content knowledge, pedagogical 
knowledge (Mishra & Koehler, 2006), and faculty members’ effective use of 
educational technologies in higher education. 
 The findings of this dissertation may apply as such or in part to other 
institutions, colleges, and universities that are implementing educational technology 
and pedagogical innovations. Without the research methods on educational technology 
adoptions and the practice of different pedagogies that explore how faculty members 
adopt and develop the different knowledge domains related to technology, pedagogy, 
and content, it will not be easy to understand, explain, predict, or improve different 
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technological and pedagogical supports and trainings designed for faculty members in 
higher education campuses. With an effective understanding of the current patterns of 
technology adoptions, content designs, and pedagogical uses, educational 
technologists, university administrators or change managers will be able to envisage 
how and whether a new educational technology will be acceptable to current users and 
future faculty adopters. Based on the findings, they can further investigate why a 
planned introduction of an innovation may not be fully acceptable to certain adopters, 
and take appropriate actions to increase the acceptance and pedagogical use of 
different educational technologies at their universities. 
Research Questions 
In this respect, understanding ways in which technological and pedagogical 
adoptions occur and how active learning techniques and different TPACK knowledge 
components interact   may provide a better understanding of faculty members’ overall 
knowledge and their readiness for designing teaching and learning activities with 
educational technologies. 
The purpose of this study is to explore, understand, and explain the following 
key research questions: 
 Research question 1: What are the processes of adoption of educational 
technologies and why do faculty members adopt different educational 
technology innovations as they first emerge? 
 Research question 2: What evidence exists to create new teaching and 
learning opportunities with educational technologies in undergraduate 
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classes? 
 Research question 3: How do faculty members bring together their content 
and  pedagogical knowledge with technological knowledge in 
undergraduate classes to create better teaching and learning environments? 
In summary, this study will examine the adoption and effective uses of 
educational technologies in large undergraduate classes and assess how technological 
adoptions and technological knowledge influence faculty members’ pedagogical 
knowledge and content knowledge designs.  
Limitations of the study 
 Limitations that may possibly influence the generalization of this study include: 
1) Sample of convenience 
 Since the participants were limited to one university setting, the generalization of 
this study should be limited to similar types of innovations happening within similar 
settings. This also opens the possibility of further research to identify the extent of 
similarities and differences across different types of institutions whether public or private 
with differences in university size, class types or instructor experiences, and strategic 
missions. 
2) Voluntary participation in study 
 All participants voluntarily returned the online survey. They also voluntarily 
participated in the qualitative data collection process. It is possible that due to a 
controlled number of participants in the study, the adopters that returned the surveys and 
participated in the interviews and observations were partial towards the study and the 
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topic of the study, thus biasing the survey responses, the interviews, and classroom 
observation data, and hence the results of the study. 
3) Limitation of survey and qualitative data methods selected 
 The study contains all of the actual survey results in a non-statistical analysis and 
tries to explain the self-reported answers of all the participants in combination with the 
interviews and classroom observations. The qualitative data collection of pre-
observations was also done in a systematic way that allowed further exploration and 
understanding of the responses from the survey. The observations and post-observations 
interviews were collected to further understand how educational technology uses were 
developed over a period of time with different teaching and learning activities. However, 
the reliability and validity of any conclusions will have to be tested in future studies by 
applying the same data collection design and steps in a variety of higher education 
settings.  
Definition of Terms 
Diffusion of innovations: 
 The process of communicating through planned strategies for the purpose of 
gaining adoption (Rogers, 1995, 2003). 
Adoption:   
 A decision to make full-scale use of a new idea as the best course of action 
available (Rogers, 1995, 2003).  
Faculty members:  
 Full professors, associate and assistant professors, instructors, lecturers, and 
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teaching post-doctoral fellows in the basic STEM disciplines in a metropolitan city New 
England University, USA. 
Educational technologies:  
 Types of computer-related software such as MS PowerPoint, Google Docs, 
Interactive boards and software, SmartPodium and software, Audience response devices 
and software, learning management systems such as Blackboard, online tools such as 
intelligent tutoring systems and online homework software like Web Assign, online 
discussion board software like Piazza, and a mix of other technologies used for teaching 
and learning purposes.  
STEM: 
  Science, Technology, Engineering, and Mathematics. 
Active learning: 
 Active learning requires students to do meaningful learning activities and think 
about what they were doing (Bonwell & Eison, 1991). 
TPACK:  
 Technological Pedagogical and Content Knowledge (Mishra & Koehler, 2006; 
Harris, Koehler, & Mishra, 2009). 
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Chapter 2 
Introduction 
 The focus of this research is to understand, examine, and identify why and how 
faculty members adopt certain educational technologies when they first appear, how they 
design teaching and learning environments, and how their technological knowledge helps 
in the development and integration of pedagogical knowledge. To understand the 
research questions, three theoretical frameworks are explored and reviewed. The first 
review is concerned with the diffusion of innovations (DOI), characteristics of different 
adopters, barriers and constraints, time of adoptions, and influence of support and 
trainings in the adoption process. The DOI theory (Rogers, 1995, 2003) supports that the 
success of an innovation depends on individuals who are willing to adopt and implement 
the innovation. The DOI is studied in relation to factors affecting the possibility of 
adoption and implementation of educational technology in a higher education context.  
 The second literature focuses on the forms of pedagogical uses with or without 
educational technologies in the STEM undergraduate programs and looks at the types of 
teaching and learning activities used in the large undergraduate classes for the past 
twenty years. Different pedagogical techniques are identified and in particular, the 
concept of active learning and related teaching and learning techniques are studied. The 
consideration of the pedagogical techniques adopted is just as vital when looking at the 
patterns of educational technology adoptions and STEM teaching and learning. 
 The third literature review looks at the concept of technological knowledge of 
faculty members and how it relates to pedagogical and content knowledge. In particular, 
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the technological pedagogical and content knowledge (TPACK) theoretical framework 
and related studies in higher education are the focus of this examination. The researcher 
is especially interested in how technology adoptions and technological knowledge 
influence pedagogical knowledge and content knowledge in higher education. The three 
literature reviews together help in understanding how faculty members in higher 
education explore, consider, and adopt educational technologies when they first appear 
based on adopters characteristics, professional characteristics, organizational factors, and 
how faculty members’ technological knowledge influences the pedagogical designs for 
teaching and learning activities in large undergraduate classes. 
Diffusion of Innovations (DOI) 
Everett M. Rogers (1995, 2003) is one of the key scholars in the area of 
diffusion research. His book, Diffusion of Innovations (5th ed.), is the often-cited work 
dealing with the diffusion theory. Rogers (2003) explains that diffusion theory is not a 
single, all-encompassing theory but it is several theoretical perspectives that relate to 
the overall concept of diffusion; it is a meta-theory. Diffusion of innovation is the 
process by which an innovation is adopted by members of a certain community. He 
outlines four factors that influence diffusion and adoption of an innovation. These 
include: 1) the innovation itself; 2) the communication channels used to spread 
information about the innovation; 3) time; and 4) the nature of the society to whom it is 
introduced (Rogers, 1995, 2003).  Rogers has also explained the four major theories 
that deal with the diffusion of innovations framework as briefly described below. 
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The Innovation-Decision Process Theory 
The innovation-decision process theory is based on time and five distinct stages. 
The first stage is knowledge. Potential adopters must first learn about the innovation. 
Second, they must be persuaded as to the merits of the innovation. Third, they must 
decide to adopt the innovation. Fourth, once they adopt the innovation, they must 
implement it. Fifth, they must confirm that their decision to adopt was the appropriate 
decision. Once these stages are achieved, then diffusion occurs (Rogers, 1995, 2003). 
Individual Innovativeness Theory 
The individual innovativeness theory is based on the concept of who adopts the 
innovation and when. A bell-shaped curve (see Fig. 2.1) is often used to illustrate the 
percentage of individuals who adopt an innovation. The first category of adopters is 
innovators (2.5%). These are the risk-takers and pioneers who lead the way. The second 
group is known as the early adopters (13.5%). They adopt early on and help spread the 
word about the innovation to the rest of the population. The third and fourth groups are 
the early majority and late majority, respectively. Each constitutes 34% of the potential 
adopting population. The innovators and early adopters convince the early majority. The 
late majority normally waits to make sure that adoption is in their best interests. The final 
group is called the laggards (16%). These individuals are highly skeptical and resist 
adopting until absolutely necessary. In many cases, they never adopt the innovation 
(Rogers, 1995, 2003). 
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Figure 2.1: Adopter Categories (Rogers 1995, 2003) 
Theory of Rate of Adoption 
The theory of rate of adoption suggests that the adoption of innovations is best 
represented by an S-curve on a graph. The theory holds that adoption of an innovation 
grows slowly and gradually in the beginning. It then has a period of rapid growth that 
tapers off and become stable and eventually declines (Rogers, 1995, 2003). 
Theory of Perceived Attributes 
The theory of perceived attributes is based on the idea that individuals adopt an 
innovation if they perceive that the innovation has the following attributes. First, the 
innovation must have some relative advantage over an existing innovation or the status 
quo. Second, it is important that the innovation be compatible with existing values and 
practices. Third, the innovation cannot be too complex. Fourth, the innovation must have 
trialability. This means that the innovation can be tested for a limited time without 
adoption. Fifth, the innovation must offer observable results (Rogers, 1995, 2003). 
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DOI Research in Higher Education 
DOI research in higher education uses all four theories to study the spread of 
educational technology innovations, adoption decisions, rate of adoptions, and adopter 
categories. Previous researchers at the university level have relied on adopter 
demographics, adopter social positions at the university, behavioral or individual 
characteristics, organizational factors, personal or professional preferences for 
adoptions, and means of communication.  Below are a few of the selected higher 
education studies in DOI. 
Adopter Categories and Characteristics 
Prior studies in higher education have focused on identifying adopter categories 
and adopter characteristics for the purpose of adopter identification and differentiation. 
The adopter category identification and differentiation has been important because it shows 
how adoptions occur naturally and the possibility or impossibility of having all members 
of a group adopt an innovation at the same time (Rogers, 1993, 2005). The adopter 
categories allow for understanding the different needs of each adopter category during the 
adoption process. 
 Geoghegan (1994) uses diffusion theory (Rogers, 1986) to determine the adoption 
patterns and characteristics of faculty that integrated computer technology for teaching 
and learning in higher education. The differences in early adopters and early majority are 
based on patterns of computer use, computer expertise, generalized self-efficacy, 
participant information, teaching and learning changes, motivators to integrate 
technology, impediments to integrating technology for teaching and learning, learning 
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about technology, methods for using and integrating technology in teaching and learning, 
and evaluating the outcomes of using technology for teaching and learning. Geoghegan 
points out that as instructional technology use continues, it develops, become 
simpler, and becomes part of the teaching routine. The continued use by the early 
majority influences the late majority to possibly adopt its use (Geoghegan, 1994). 
Identifying the differences between the two groups (early adopters versus early 
majority) is the key to the diffusion process and the potential changes in university 
wide support systems that can improve the classroom teaching and learning process.  
 Geoghegan’s study makes an important distinction between early adopters and 
early majority adopters. Since each of these groups have different reasons for adopting an 
innovation, according to Geoghegan (1994) the implementation, adoption techniques, 
and trainings must cater to their respective needs and ways of working. The alternative 
approach to traditional supports may include a transition space or an exchange space, 
allowing the various adopters to meet and collaborate with each other on different 
educational technologies. 
 Similar to Geoghegan study, Jacobsen (1998) examines the characteristics of 
early adopters and faculty use of instructional technology using Rogers’ (1995) diffusion 
of innovations theory. Jacobsen focuses on what differentiates early adopters of 
instructional technology from mainstream faculty. The results indicate that early adopters 
self-report good to excellent computer skills while the later adopting mainstream faculty 
self-report poor to fair computer skills. Jacobsen’s research pointed to early adopters 
being more self-sufficient and more willing to experiment with technology than 
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mainstream faculty. In addition, it was further concluded that early adopters would 
continue to flourish in a status quo model because of their interpersonal networks. The 
study determines that focusing on the differences of early adopters and mainstream 
faculty will assist institutions in designing differentiated supports for educational 
technology (Jacobsen, 1998).  
 Another study by Less (2003) uses DOI theory (Rogers, 1995, 2003) to 
investigate faculty adoption of computer technology for instruction. The researcher 
classifies the faculty members based on Rogers’ five categories of innovation adoption 
and compares them to the demographic variables of age, gender, race/ethnicity, teaching 
experience, and highest educational degree attained. While a significant relationship 
emerges between Rogers’ adopter categories and their years of teaching experience and 
highest degree attained, the results do not show a vital difference between faculty adopter 
categories and age, gender, and race/ethnicity (Less, 2003). No significant difference 
exists between users and non-users in demographic characteristics of age, gender, 
race/ethnicity, teaching experience and highest degree attained. The study concludes that 
faculty members who report employing technology for instruction often utilize multiple 
technologies and techniques such as contacting students via e-mail, posting assignments 
and other information on course websites, and using course management software for 
recordkeeping functions. Non-users identify a number of reasons for not incorporating 
technology into instruction and provide some strategies that may be employed to 
encourage them to adopt computer technology into instruction. 
 It is evident that innovators, early adopters, and early majority categories may 
	
	
	
23 
have different motivation for adoption, technology use, expectations, and technological 
needs. Individual adopter category studies clearly show that various adopters use 
educational technologies differently. The literature on individual characteristics of the 
faculty indicates that early adopters of educational technology shared common 
characteristics such as higher perceptions of efficacy, expertise in different technologies, 
and patterns of technology use (Geoghegan, 1994; Jacobsen, 1998). 
Personal and Professional Factors for Adoption 
 Researchers have also looked at factors that may influence technology adoptions 
in higher education based on personal characteristics such as faculty members’ rank, 
years of teaching and teaching experience, teaching style, number of students, size of 
class, and professional rank (Medlin, 2001). In addition, they have also explored 
professional interests such as interest in increasing the learning experience of students 
and their interest in augmenting their teaching methods. These factors may influence 
directly or indirectly on how faculty members’ adopt educational technologies. Following 
are some of the studies that consider faculty members’ personal characteristics and 
professional interests in technology adoptions.  
 Medlin (2001) examines the social, organizational, institutional, and personal 
factors that may influence a faculty member's motivation and decision to adopt new 
electronic technologies in classroom instruction. Medlin organizes the findings into these 
groups: social, organizational, institutional, and personal motivational factors. As social 
factors, friends, mentors, peer support, and students are found to be the significant 
predictors that may influence a faculty member’s decision to adopt electronic 
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technologies in the classroom, the organizational variables, including physical resource 
support and mandates from the university, are also statistically significant in predicting 
the faculty members’ use of electronic technologies in the classroom. Personal interest in 
instructional technology, personal interest in improving teaching, and personal interest in 
enhancing student learning are cited as the three personal motivational variables that may 
affect faculty members’ decision to adopt instructional technologies. However, Medlin 
does not find a significant difference among the DOI self-identified adopter behavior 
categories and social, organizational, and personal motivational factors.    
Warburton, Chen, & Bradburn (2002) find that personal and professional adopter 
characteristic differences can be based on disciplines. Faculty members who teach in 
disciplines such as business, engineering, and computer science are more inclined to 
using educational technologies. The quality of computing resources also remains a 
significant factor in the possibility of using course-specific websites. Instructional faculty 
and staff who rate their institution’s computing resources as good or excellent are more 
likely to use course-specific websites than those who rated the computing resources as 
poor. It is also concluded that based on the professional factors, faculty members may 
adopt technology to enhance their teaching with technology or as a means to become 
good teachers (Warburton, Chen, & Bradburn, 2002).  
 In the educational technology adoption and implementation phases, it is important 
to consider several personal and professional factors for faculty members with the 
differences in disciplines. These considerations can be based on teaching experiences, 
professional needs, current attitudes and values towards teaching and learning, and how 
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they respond to the technology innovation initiatives at their institutions. 
Time for Exploration and Experimentation  
 It has become evident with the DOI adopter categories research that educational 
technology adoptions occur at different times and are based on a diverse segment of 
adopters. Also, time is an important factor for technology exploration and 
experimentation and it appears to play an important role as to when an innovation is 
introduced, explored, and eventually adopted. The DOI studies on time of adoption, 
exploration, and time for technology use have placed an emphasis on considering time as 
an adoption factor with adopter characteristics as joint reasons of adopter behavior. 
 Leggett & Persichitte (1998) identify different types of barriers to technology use 
and adoption by faculty members. These are: time, expertise, access, resources, and 
support.  The lack of time is at the top of the faculty members’ list as one of the obstacles 
mentioned the most. This includes time to plan, collaborate with peers, prepare lessons 
and materials, explore, practice, and evaluate as well as time to develop, maintain, and 
expand skills. Less time to develop technology expertise is another constraint to 
technology adoption and effective use. 
 Beggs (2000) survey three hundred and forty-eight U.S. faculty members 
regarding the extent to which certain factors may impede or facilitate their technology 
adoption. The study looks at barriers to adoption and finds that the highest number of 
barriers faculty rated as important to critically important includes lack of time and lack of 
equipment. The lack of time is explained as the lack of time to explore technologies and 
lack of time to prepare lectures and lessons with educational technologies.   
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 Hug and Reese (2006) explore the technology adoption (Rogers, 1995, 2003) with 
a case study. The aim is to show how to best encourage the adoption of innovation by 
teachers. The research is composed of five stages based on time factor: knowledge – the 
individual is first exposed to an innovation but lacks information about the innovation; 
persuasion – the individual is interested in the innovation and actively seeks 
information/detail about the innovation; decision – the individual takes the concept of the 
innovation, weighs the advantages/disadvantages of using the innovation and decides 
whether to adopt or reject the innovation; implementation – the individual employs the 
innovation to a varying degree depending on the situation; and confirmation – the 
individual finalizes his decision to continue using the innovation and may use the 
innovation to its fullest potential. The authors find that the early adopter experienced 
stages of the adoption model in a time-compressed process. The participants quickly find 
relevant uses for the tool and, therefore, do not hesitate to explore and eventually adopt it. 
A reason for the successful adoption experience is the participant's willingness to invest 
time into learning and using the new tool. The authors suggest that future research should 
further explore the time factor that allows or encourages more time for exploration, 
experimentation, and engagement with new educational technologies. 
 Pundak and Rozner (2008) outline how an engineering college new training 
approach changes its introductory science course. Using the innovation-decision process 
model (Rogers, 2003) to support their implementation plan, a series of interventions are 
introduced to minimize teacher resistance to new approaches. The Active Learning 
Center leads the project and ensures that the project participants’ work plans include 
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additional hours for the development and implementation of the new teaching methods. 
The commitment is kept for eighteen months and is appreciated by the staff involved. 
The conclusion is that more time allows for eventual adoptions as faculty members have 
time to explore and design with educational technologies. 
 Lin, Huang, and Chen (2014), they survey and interview Chinese language 
teachers to identify barriers to the adoption of information and communication 
technology (ICT). Faculty members report that their greatest barriers include insufficient 
time and support for developing technology based pedagogy and activities. The decision 
to adopt is not based solely on adopter categories but also on the time of adoption and the 
time of a partial or complete trial of the technology that may lead to a choice to adopt or 
reject the innovation (Cain and Mittman, 2002).  
Organizational and Institutional Factors 
 The organizational and institutional aspects of technology diffusion and adoption 
look at the end users such as the faculty members within the context of an organization or 
institution such as a university. The constraints and allowances of an organization 
influence faculty members’ adoption process and how they ultimately implement and use 
the technology innovation in a real-world situation like a classroom. 
 Faseyitan and Hirshbuhl (1992) describe how the effects of personal attributes, 
organizational factors, and attitudinal factors are examined in regard to the adoption of 
computers for instruction by university faculty. The organizational factors such as 
departmental incentives and mandates are also important to influence faculty members’ 
adoption (Faseyitan and Hirshbuhl, 1992). The results also indicate that the technological 
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orientation of the faculty member’s discipline or department, computer self-efficacy, 
computer utility beliefs, and attitudes toward computer were predictors of adoption.  
Wejnert (2002) looks at a variety of factors that are mostly unrelated to the 
technology itself and the technical superiority of educational technologies but the types of 
institutional influences on the decision to adopt or utilize an educational technology. 
Many different features of organizations and institutions influence the diffusion and 
adoption process. These are categorized as (1) geographical settings, (2) societal culture, 
(3) political conditions, and (4) globalization and uniformity (Wejnert, 2002). The 
researcher concludes that factors related to geographical location usually only have direct 
or personal consequences for individual adopters, whereas the other types of 
organizational factors typically have consequences for both individual adopters and 
organization or system level adopters. Social network variables are especially important 
within the societal culture group of variables beside relevant political and organizational 
variables (Wejnert, 2002). 
The findings of the study conclude that organizational and institutional factors 
are essential to the adoption of technology. Even though faculty members recognize 
mandates and incentives from the university as important and an influence on their 
decision to adopt educational technologies, there is no correlation between the size of the 
institution and the size of the department with significant social, organizational, and 
personal motivational variables (Rogers, 1995; Medlin, 2001). The findings are that the 
university mandates are a consideration when exploring a technology but it may not help or 
result in a potential adoption of a technology (Medlin, 2001). 	  
	
	
	
29 
Support and Training for Adopters 
The institutional support and trainings are important factors in the adoption 
process. The support environments include the resources and services needed to help early 
adopters and mainstream adopters to explore, install, and maintain a technological 
innovation. The studies assert that inadequate or incomplete technology support 
environments can often be a significant hindrance or constraint to a successful educational 
technology adoption. 
In a study by Massy, Wilger & Colbeck (1994), the researchers find that the more 
frequently individuals interact, both formally during trainings and informally in support 
meetings, the more likely they are to discuss issues related to teaching and university 
education. The research underlines the importance of the influence of shared values, peer 
support, and colleagues upon the innovation decision process (Massy, Wilger, & Colbeck, 
1994). Similarly, Havelock and Zlotolow (1995) conclude that individuals who can 
provide peer support in large social networks and gain their colleagues' respect can 
accelerate innovation decision process and technology adoptions.  
Hansen and Salter (2001) describe the adoption of web technology into 
mainstream teaching. This descriptive study focuses on the need to use adopter-centric 
approaches to technology rather than the developer-centric approaches. The authors 
suggest the bottom-up approach produced more successful technology adoption practices, 
although the upfront time and effort required is greater. The user-centered method of 
adoption entail five steps: 1) identify the potential adopter; 2) measure the relevant 
potential adopter perceptions; 3) design and develop a user-friendly product; 4) inform 
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the potential adopter (of the user-friendliness); and 5) provide post-adoption support. The 
user-centric method and bottom-up approach allow the adopters to have continuous 
access to institutional services and support but also allowing the faculty members to 
interact more among themselves to explore and adopt technologies.  
 Surendra (2001) examines the diffusion factors (Rogers, 1995) and other sources 
to predict the acceptance of Web technology by professors and administrators of a 
college. He reviews the training factor among the types of institutional access. Access in 
general and training in particular are found to be the best predictors in the diffusion 
process of Web technology-based educational innovation. Wilson (2003) reports that 
faculty members learn about use of instructional technology primarily through self-help 
and then through university-provided support and training resources. For this group, 
some campus resources were more useful than others. Wilson also concludes that 
professional development and training are essential to the adoption process and the 
absence of these opportunities is identified as barriers that discourage higher education 
faculty members’ adoption of technology. 
 The Faculty Educational Technology Adoption Cycle study by Moser (2007) 
indicates that faculty support is the critical factor in the success of instructional 
technology integration because the difficulties of technology use and installation are 
deemed too complex for faculty members without adequate training and support. The 
study concludes that constant support helps during the adoption process. In another study, 
Georgina and Olson (2008) find that asking colleagues is second only to small group 
faculty forums as the most effective manner to learn about new computer-based 
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technologies. This supports a number of research studies that find that the most effective 
training utilizes peer-to-peer support and training, thus providing more opportunities for 
the sharing of effective use of technologies, teaching ideas, and different pedagogical 
practices (Ertmer, 2005, 2010). 
Student Interaction and Learning factors 
Few studies have also explored the pedagogical aspect of technology adoptions, 
student interactions, and student learning in higher education DOI studies. Boyer (1990) 
states that teaching is a dynamic endeavor and that it involves all of the analogies, 
metaphors, and images that can build bridges between the teacher's understanding and 
the student's learning (Boyer, 1990, p. 23). The results of the study find that students’ 
learning achievement is an important variable in a faculty member's decision to adopt 
electronic technologies for use in the delivery of instruction.  Spotts & Bowman, 
(1993) also look at how faculty members’ consider training and development with 
educational technology and the researchers conclude that the primary concern of 
professors is related to students’ learning and achievement when attending trainings.  
 Beggs (2000) finds that one of the factors that the faculty members rate as 
important to critically important include improved student learning, advantage over 
traditional teaching, equipment availability, increased student interest, and ease of 
technology use. Similarly, Humbert (2007) surveys thirty-seven faculty members in 
France to identify barriers to blended learning design adoption. Faculty members reported 
barriers to adoption are based on concerns with decreasing the quality of student 
interactions, the difficulty of dealing with online interactions, and the lack of time to 
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prepare online content and activities. 
Research Gaps in Diffusion of Innovations 
 Below are some of the research gaps that have been identified in diffusion 
of innovation studies and research. 
i. In higher education DOI research, individual adopter descriptions and perspective 
do not take into account how rank and position hierarchies within the universities 
affect choice in educational technology adoption. There are no relevant studies 
that take into account how profession hierarchies within the faculty members 
influence technology use and adoptions or impede their technology use or 
choices. DOI research also does not consider collective or group acceptance, 
cohort resistance, and position hierarchy influence as a factor in the adoption 
process (Lyyntinen & Damsgaard ,n.d).  
ii. DOI studies on adoption factors frequently ignore “best practices” for educational 
technology and their adoption processes. Best practices of DOI within higher 
education means that it would be a good practice for university administrators and 
educational technologists to look at the introduction and implementation 
techniques of other institutions and look for examples that have previously 
worked for STEM education or other departments to help in the adoption process 
when introducing new educational technologies. 
iii. Also, they could work with their own university faculty experts to identify best 
practices. There is more of a focus on adoption of technology hardware rather 
than best practices of technology use with pedagogical innovations. So the 
	
	
	
33 
question is: what type of faculty members may be more effective in promoting the 
innovative pedagogical practice or best teaching and learning practices at their 
institution? This raises questions of how researchers can identify the differences 
between the teaching styles of innovators, early adopters, and early majority in 
Rogers’ model (Rogers, 1995, 2003).  
iv. While the diffusion of an innovation typically follows an S-shaped curve in which 
the rate of adoption begins slowly, and then accelerates as it spreads to a majority 
of the population, and finally tapers off again as the point of saturation is 
approached, this pattern has not occurred in higher education faculty members 
with educational technologies such as clickers, Smart boards, Echo 360 Lecture 
Capture, and flipped classroom (with online videos and online quiz) in higher 
education. These educational technology adoptions have not occurred at 
adequately high levels that may show the majority of professors have adopted 
technologies with certain educational practices in higher education.  
v. The diffusion of innovations framework makes assumptions that it is a matter of 
changing ideas and change is expected to be inevitable even if it is temporarily 
impeded. According to (Schiffer, 2005), Rogers’s DOI model is weak in its 
explanation of constraints to adoptions related to higher education adoptions such 
as technology already in place, use of current infrastructure, culture of the 
organizations/institutions, and prevailing practices such as the presence of 
established material, or teaching practices for which change will be disruptive. It 
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also fails to explain why rejection or some type of rejection of adoption happens 
in higher education.  
vi. DOI studies do not take into account that different self-identified adopters such as 
innovators, early adopters, and early majority may sometimes work together and 
collectively to adopt certain technologies due to their professional positions or 
hierarchies within the departments, colleges and schools. DOI research does not 
consider collective adoptions or group influences, acceptances, resistance or 
rejection into account.  
vii. In the earlier DOI research, adopters’ decisions with respect to adopting or not 
adopting an innovation can be explained, at least in part, by the pattern of 
interconnections among the individual adopters by proximity, social rank, and 
professional relationships. Although previous DOI research looks into individual 
adopters and their interconnections, future studies need to be conducted on higher 
education group network analysis that looks at the way in which faculty members 
interact with one another within their disciplines and how these interactions 
constitute a social structure that can be studied and analyzed when introducing 
new ideas and technologies. When studying institutional influences, there has 
been research on the importance of faculty members’ interpersonal 
communication within the process of diffusion of innovations. The one aspect that 
is not discussed in higher education (but research exist in marketing) how faculty 
members are connected within their disciplines or groups.   
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viii. Research needs to be done on the expert faculty members or faculty opinion 
leaders in the adoption process and implementation. Faculty member as adopters 
and their decisions with respect to adopting or not adopting an innovation can be 
explained, at least in part, by the pattern of interconnections of experts and 
opinion leaders with the rest of the faculty members. How closely expert faculty 
members or opinion leaders are connected to one another and whether these 
professors or groups of professors belong to a common discipline, department or a 
close community that can affect the scope and rate of technology diffusion in a 
university.  
ix. Additional research in identifying and reaching cohorts of innovators and early 
adopters will be helpful to study a group of professors or a team’s adoption 
strategies. To study group or team strategies, it will be important to consider the 
sociocultural structures of departments, colleges, or schools that facilitate or 
impede the acceptance and institutionalization of a technology innovation or a 
new pedagogical idea. DOI studies have shown that relationships between 
departments, colleges, or schools culture do have an effect on the types of 
adoptions and educational change; however, further work is needed to develop 
group or cohort culture evaluations that might identify specific factors that may 
help colleges, or schools, in understanding their readiness for technological 
adoption and pedagogical change. 
x. Research on social networks cannot help determine which individual (or 
department, college or school) is most likely to adopt first, but it can assess how 
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diffusion may be affected depending on the network position of the initial 
adopter, thereby informing decisions about where to begin efforts to introduce a 
new technology, pedagogical innovation or new curriculum. Most DOI research 
work focuses on the diffusion of goods through direct contact (Rogers, 2003). The 
direct contact argument suggests that those with similar patterns of ties have 
similar interests, similar levels of access to the new practice (e.g., technology, 
pedagogy or curriculum), and similar motivations for adopting it.  
xi. With the direct contact approach, there is another effect that can be important in 
the technology adoption process. The emulating effect may also play a role within 
faculty members or groups of professors. The institutional theorists DiMaggio and 
Powell (1983) stress the importance of copying or mimetic processes that is when 
people simply copy others and different types of formal or informal pressures 
from the individuals in position of power at the university. The formal pressures 
can emanate from either adoption of new (or existing) policies by the university 
administration or informal pressures by opinion leader to adopt a particular new 
idea or innovation. 
xii.  It is a well-known fact that academic disciplines and departments are formally 
structured around status, with lower-prestige departments and assistant professors 
in a subordinate position relative to prestigious departments and full professors. It 
is likely that adoption of an innovation may flow more readily from top 
departments to less prestigious departments (Leahey, 2006) and from senior 
faculty members to junior faculty members or other faculty members in training 
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(Leahey, 2006). It would be interesting to study the memetic effects on 
educational technology adoptions and the role of expert adopters on other faculty 
members. 
Active Learning in Science, Technology, Engineering, and Mathematics (STEM) 
 Active learning is generally defined as any instructional method that engages 
students in the learning process. Active learning requires students to do meaningful 
learning activities and think about what they are doing (Bonwell & Eison, 1991). While 
the definition can include traditional activities such as homework and in-class practice, 
active learning refers to teaching and learning activities that are introduced mainly into 
the classroom or activities that will enhance the classroom experience with supplemental 
online components (Bonwell & Eison, 1991). The core elements of active learning are 
student activity and engagement in the learning process. Active learning is often 
contrasted to the traditional lecture where students passively receive information from the 
instructor. In a paper by Felder & Brent (2009), the authors define active learning as 
"anything course related that all students in a class session are called upon to do other 
than simply watching, listening and taking notes" (p. 2).  
 In the STEM undergraduate teaching journals, active learning is defined as the 
predominant teaching and learning methodology. The following section looks at existing 
instructional techniques and activities that draw from the knowledge and experiences of 
the STEM research in higher education undergraduate programs. More specifically, one 
of the aims is to identify different strategies that have been used to change STEM 
education and/or instruction in large undergraduate classes during the past two decades. 
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This section also explores how various instructional activities or interventions have been 
explained and used within the context of teaching and learning in STEM and the extent to 
which these instructions are drawn from learning theories and cognitive sciences. The 
following STEM pedagogical categories are identified for classroom and online teaching 
and learning.  
Forms of Active Learning in STEM 
 Fortier et al. (2002) look at an integrated curriculum designed at University of 
Massachusetts Dartmouth for first year engineering majors. The design includes “active 
learning techniques” which emphasizes interactions with peers and instructors. It 
involves a cycle of activity and feedback where students are given the opportunity to 
apply their learning in the class. In this case, Fortier et al. (2002) use the technique where 
students are paired up, and ask them to work together and solve different questions or 
problems in the class. One specific technique that is used in the classroom is “peer 
instruction” by Mazur (1997, 2009) where students taught or explained science concepts 
to each other. In this particular case, active learning is used as a reflective single-loop or a 
reflective double-loop. Fortier et al. (2002) report that questions that are designed in 
single-loop process allow the students to answer the questions based on their previous 
knowledge, experiences and the principles learnt in the class. The double-loop reflection 
involves the use of metacognition where the students are to monitor their strategies and 
plans, and think about them thoroughly before applying them to solve a problem in 
engineering courses. 
 Another technique that is used for question and answers in a face-to-face 
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classroom teaching (Mazur, 1997, 2009) is to see if most of the students chose the correct 
answer to a concept question. The faculty member asks students to reflect on the 
underlying rationale for their answer and turn to their neighbor to discuss it. If most 
students choose an incorrect answer to a concept question, the faculty member tries to 
explain it again, perhaps in a different way. However, if the answers to a concept 
question are a mix of correct and incorrect, the faculty member asks students to turn to 
their neighbors, compare answers, and see if they can reach an agreement on an answer. 
The faculty would then decide if more interventions are needed on the concept being 
taught. 
 Armbruster et al. (2009) introduce active learning techniques in introductory 
biology classrooms. The techniques involve problem-based learning activities where the 
students are asked to form groups of four students in the class. The groups are presented 
with a quantitative or a conceptual problem in every class session, and are given three to 
four minutes to solve it. The instructor moves from group to group to monitor progress or 
offer suggestions if the groups encounter problems. The groups are then asked to report 
their findings to the class. The researchers also use other active learning techniques such 
as “think-pair-share,” “one minute paper,” and “concept maps.” 
 “Lecture cues” are used as an opportunity for interaction between the students and 
the instructor (Hackathorn et al., 2012). There are two types of lecture cues identified. 
One type of lecture cue originates from the memory processes of distributed and 
elaborative rehearsal. Distributed rehearsal is the process of strengthening memory 
through repeated presentations and practiced retrieval of information, spaced out over 
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time (Modigliani & Hedges, 1987). This rehearsal occurs in many forms, such as 
repeated presentations, cyclical repetitions, revisions of home works, and exams. Past 
studies show that this type of spacing, often referred to as the “spacing effect,” is robust 
and highly beneficial for memory, especially for vocabulary words and concepts as it 
increases a student’s ability and speed to retrieve or recall the information explained in 
class (McGlynn, 2005). The second lecture cue is elaborative rehearsal. It is a memory 
process that incurs a different type of cognitive processing. It involves assigning relevant 
meaning to a construct, as opposed to rehearsal and memorization of a functional or 
conceptual definition (Benjamin & Bjork, 2000; McGlynn, 2005). It was found that the 
“elaborative rehearsal” lecture cue fosters long-term memory because the larger the 
amount and type of connections that student have to the material, the more retrieval cues 
the student can rely on later (Benjamin & Bjork, 2000; McGlynn, 2005). 
Cooperative Learning and Project-based Learning 
Another active learning technique is breaking up lectures with short cooperative 
processing “times” resulting in slightly less lecture time but more about re-engaging the 
students (Johnson & Johnson, 1991). During lecturing and direct teaching, the instructor 
ensures that students performs the intellectual work of organizing the material, explaining 
it, summarizing it, and integrating it into existing conceptual networks. Common 
informal cooperative learning techniques include focused discussions before and after the 
lecture (bookends) and interspersed turn-to-your-partner discussions throughout the 
lecture. Although three to four minute turn to your partner discussions are the norm in 
STEM courses, many faculty members provided one to two minutes, and some 
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discussions were as short as thirty seconds. 
Cartwright (1998) describe cooperative learning in STEM classes as a process in 
the cycle of discussions that includes: a) the professor starts the discussion, e.g., 
designing a laser, b) the class discusses in cooperative learning groups, and the professor 
suggests some reading, and c) the professor assigns real experiments (in a laser 
laboratory) or virtual experiments on a computer. Upon completion of these experiments, 
the professor discusses the topics again to see if the experiments spur more questions, d) 
if the questions are related to previous readings, return to those topics. If not, postpone 
the discussions and incorporate recently acquired knowledge into the design. Once 
included in the design process, see if more information is necessary. If so, then the 
faculty member encourages the students to go to another activity. 
Problem solving techniques have also been used by a group of faculty during 
lectures. Handelsman et al. (2004) describes group problem solving as the possibility to 
develop hypotheses about the problem, design and conduct experiments to find the 
solutions, collect and interpret data and write about the results.  In introductory Physics 
courses, faculty members introduce “science” problems with interspersed demonstrations 
during lectures where the students work together to find the correct answers or possible 
solutions to the demonstrations.  
Active learning techniques with audience response systems or clickers include 
class or group discussions, practical exercises, pair-share activity, peer instruction, 
demonstrations, and review quiz content over the lecture-only format (Yoder & 
Hochevar, 2005). A common active learning technique that faculty used is to engage 
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students by asking a question relevant to the lecture and having students answer the 
question during class. It is reported that clickers increase class participation or 
engagement by having all students respond to a question with response cards or clickers 
to group discussion questions, or share-pair activities. Student participation is found to be 
greater in classes when clickers are used with relevant pedagogical methods (Kellum, 
Carr, & Dozier, 2001; Christle & Schuster, 2003).  
 When faculty asked students to respond anonymously to clicker questions, 
students greatly prefer the anonymity of clickers to openly raising their hand or other 
methods of responding (Lantz, 2010; Sharma, Khachan, Chan, & O’Byrne, 2005). 
Anonymity of clicker responses appears to increase responses from students that do not 
normally respond in-class (Beekes, 2006). It is also found to be useful with students from 
other countries, who are unaccustomed to answering immediately in-class and worry 
about the loss of esteem or losing face if they answer incorrectly. There is increased 
participation by international students when using clickers, possibly again due to the 
perception of anonymity. Extraverted and conscientious students are also reported to give 
more positive responses to the clickers (Hunsinger et al., 2008). However, it is noted that 
quiet students respond more to clicker questions but will not respond verbally (Wit, 2003) 
in class suggesting that they may benefit the most through increased participation with 
the use of clickers. Students that already understand the usefulness of feedback also 
prefer clickers over the traditional lecture format (Trees & Jackson, 2007). 
Class participation with clickers has been known to increase when students know 
that their responses are worth participation points in the course. This has had indirect 
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positive effects on students’ learning beyond increased participation, such as increased 
preparation for classes, attendance, and increased attention in-class (Mazur, 2009; Bruff, 
2011).  
Coil et al. (2010) report undergraduate life sciences faculty decide that to design 
their teaching based on research in cognitive sciences. The collaborative learning 
activities are included in supplemental instruction that occurs after the face-to-face 
classes. The design includes working in small groups. As part of the collaborative 
learning, the activities are to complete practice exercises and diagram old quizzes 
according to Bloom’s taxonomy. The Bloom’s taxonomy help the faculty in organizing 
the activities and increase students overall grades in the course. 
Prompt Feedback and Continuous Assessment 
 In undergraduate physics and engineering classes, faculty members have used the 
possibility to continuously assess student’s understanding by designing questions that 
will allow prompt feedback. Previously, prompt feedback has been done by raising hands 
to demonstrate understanding of concept or hands down to let professors know that the 
students have not attained conceptual understanding or they need more explanation. This 
activity has also forced faculty to think about designing question differently for prompt 
feedback or assessment.  Dym et al. (2005) describe a specific class of questions termed 
“deep reasoning questions” that have been identified for assessing student’s 
understanding. The method uses “Aristotle’s procedure,” where lower level questions 
related to the existence, essence, and attributes of a phenomenon precede the deep 
reasoning questions related to the phenomenon itself. The deep reasoning questions are 
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also used to collect evidence as to what extent students have met the learning goals. This 
can be achieved with content-focused questions measuring outcomes at the lower end of 
Bloom’s taxonomy that is to “remember and understand” (Anderson & Krathwohl, 
2001). To assess student learning outcomes at the mid and upper levels of Bloom’s 
Taxonomy — apply, analyze, evaluate, create — faculty members normally use more 
open-ended questions and more complex and ill-structured science problems.  
 To provide formative and diagnostic assessment opportunities for students 
(Angelo and Cross, 1993), faculty members use the results from the formative 
assessments to help them revise their teaching practices, identify and mitigate potential 
problems and hindrances to student learning, and note changes in student learning 
throughout a course (Bransford, Vye, & Bateman, 2002). In undergraduate STEM 
classes, Armbruster et al. (2009) show that personal response system aka clicker 
questions are designed to administer weekly readings, feedback for conceptual 
understanding, identifying and allowing to rectify student’s misconceptions in Biology. 
Also, weekly quizzes are designed to assess learning at different stages of the teaching 
and learning process. The weekly quizzes allow the students to be more prepared for the 
final assessment as they feel more confident through the weekly clicker assessments.  
 In another study, faculty members use clickers to ask two to three questions at 
fifteen- to twenty-minute intervals throughout the lectures. After each question, the 
results of the class’ overall aggregate responses to questions are displayed in graphical 
form showing the percentages of correct and incorrect answers or number of responses to 
each multiple choice questions (Wit, 2003). The main aim is instant feedback generated 
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for both the instructor and students. As a result of the feedback, the instructor can review 
what is not clear or not well understood, and provide more explanations for a 
misunderstood concept (Bruff, 2011; EDUCAUSE, 2005). The instant feedback also 
allows the faculty members to add “on the fly” explanations or examples to illustrate 
incorrect responses. Faculty members also use clickers for in-class formative assessment, 
where clicker answers are used to provide instant feedback to students allowing them to 
judge how well they understood the material without being included as part of the final 
score. Clickers have also been used in summative assessments, where answers are 
gathered at the end of a lecture for class participation or as a short graded assessment 
item for a midterm.  
 Feedback occurs when a student gives a response followed by an indication that 
the response is right or wrong (Kulhavy, 1977). Feedback appears to work through a 
corrective mechanism in which wrong answers can be corrected and the corrected answer 
can be more easily remembered. Clickers can provide immediate feedback with the 
correct answer given just seconds after students respond and also in the form of 
histograms showing how others responded. Students can immediately correct their 
answers but can also see the limitations of their own knowledge so they can concentrate 
their efforts in areas they do not yet understand (Bruff 2011; Beatty, 2004). Clickers, as 
feedback device, are optimal for in-class students’ assessment as all the responses are 
collected first before the aggregate responses and correct answers are shown. In 
comparison, with both hand raising and response cards, a student can merely look to see 
others’ responses before making a response, in effect copying from other students. Such a 
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situation leads to little or no retention of material for the students that respond by copying 
(Kulhavy, 1977). 
Modeling Analytical Skills, Cognitive Apprenticeship modeling, and Metacognition 
 Another concept that is identified in the active learning research is the concept of 
metacognition and self-regulation. According to Harris, Bransford & Brophy (2002), 
metacognition is the ability to monitor the learning process through understanding how to 
self-regulate, understand the process of learning, focus on sense making, self-assessment, 
and reflection on what works and what needs improvement. Faculty members use simple 
interventions in which students are asked to process meta-cognitively (reflective analysis 
of their design) in order to improve problem solving and in particular to transfer new 
skills learnt to new problems more readily. For example, in undergraduate laboratory 
tasks, if students are asked questions forcing them to explain how and what they decide to 
do next, and why this is a valid choice, they perform better and can more likely transfer 
this learning to a new problem. The same metacognition techniques are also used in class 
questions where faculty asked the students to explain their thinking processes for the 
answers to class problems. This activity is used in “peer instruction” (Mazur, 1997, 2009) 
where the students discuss how they think about the answer and why they give that 
answer. Faculty members are able to understand the reasoning and the misconceptions 
that allow the students to answer a certain way. This also helps the students to understand 
and to look at how they develop their conceptual understanding. 
Teaching and Learning with or without Educational technologies 
 In STEM teaching, faculty members use different activities or technology formats 
	
	
	
47 
to teach the undergraduate classes (Ooi, 2007; Singh et al., 2010). These include videos 
of their lectures by breaking up the content into small conceptual chunks. The students 
are required to view them prior to the face-to-face classes and respond to online 
questions.  Based on the students’ responses, faculty members can then re-design or 
modify their face-to-face classes. Based on the online responses, more supplemental 
materials as well as small group face-to face sessions with teaching fellows (doctoral 
students) and online discussion boards are available after the lectures.  
 Faculty members that require students to do pre-class and then post-class 
activities in undergraduate large classes report that they observe an increased student 
participation during class time. In a pre-class activity experiment, faculty members 
instruct students on the physics concepts of mass, force, acceleration, and friction. An 
experimental set up is then linked to the computers through the measurement and data 
input devices allow students to see the response curves for various loads, friction levels 
and initial forces applied in real-time as the experiments are performed. In the face-to-
face class, further questions on the experiments allow students to investigate deeper 
correlations amongst the various components and factors. The multiple formats used for 
the teaching of physics concept help the faculty members to provide more learning 
opportunities. Similar types of simulations are provided in introductory biology, physics, 
chemistry, and mathematics concepts online. It is concluded that the students have more 
time to understand and explore the scientific concepts and understand the different 
scientific processes and have the possibility to repeat or review the online content or 
experiments multiple times (Singh et al., 2010). 
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 Faculty members have also started to record their mini-lectures based on Bowen’s 
teaching model (flipped classroom model) by putting one or two of their lectures online 
and devoting the subsequent class to discussing the topics covered in video lectures. The 
approach is to pre-assign mini lectures before the class with some online quiz. The 
faculty members use the results from the pre-class sessions to focus their teaching and 
interactions on the students’ lack of understanding of certain concepts or misconceptions. 
Based on the Salman Khan’s (2013) online videos, the flipped classroom concept has 
become a new pedagogical tool that allows students to view the pre-lecture videos 
whenever they have the opportunity and view them as many times as they need to 
understand a concept. The in-class recordings of lectures and class interactions with Echo 
360 lecture capture are increasingly being used for after-lecture viewing. Students view 
these recordings for content review, lecture clarifications, explanations, and review 
before a quiz, tests or final exams. 
Concept Inventories and Teaching with Misconceptions 
 Concept inventories are identified as teaching techniques in research by Almstrom 
et al. (2006) and Narum (2008). Concept inventory is designed to identify the basic ideas 
and concepts that students need to know in introductory physics classes. It has the 
following characteristics: it is a reliable, validated assessment instrument; it focuses on 
common student misconceptions; it covers a specific domain, but is not a comprehensive 
instrument; it is composed of multiple-choice items; it is designed to require at most 
thirty minutes to complete; it can be administered as a pre-test (before a course) or as a 
post-test (for example, at the end of the course). It is used by faculty members to identify 
	
	
	
49 
aspects of instruction that would benefit from change, to assess the impact of 
modifications, and to compare pedagogical approaches in their face-to-face classes as 
well as supplemental online and in-class activities. Misconception or faulty knowledge 
has been identified as one of the biggest barriers to learning in undergraduate STEM 
courses. Faculty members have no time to address some of these misconceptions during 
teaching time, and one solution is to constantly assess students’ misunderstandings or 
lack of prior knowledge through “concept inventories.” The concept inventories allow the 
faculty members to address very important misconceptions that may hinder the learning 
of students during lecture time and online. 
Content Delivery, Communication, and Collaborative Learning 
 In the past five years, online learning environments and collaboration tools have 
provided new forms of content and communication delivery, allowing professors and 
students to exchange information and ideas across time and space outside of their face-to-
face class exchanges (Savage & Chen, 2007). These new technologies include discussion 
boards, weblogs, wiki, Q&A using online software, mobile phones, synchronous chat 
environment, emails, and instant messaging (Slough & Connell, 2006; Richardson, 2008; 
Henderson & Finkelstein, 2010). Collaborative technologies enable students and faculty 
to know where the online nodes of the students’ community are and provide a sense of 
learning and of communications that may be occurring within these nodes. 
 Piazza software is a tool that enables STEM students and faculty to interact when 
they have questions related to the content or an assignment. The students can ask 
questions to other students and they can collaborate on solving mathematical, chemical, 
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or physics equations. The faculty members also monitor the student exchanges and 
intervene with suggestions when appropriate. Students’ learning is affected interactively 
by their comprehension skill and course format when collaborative tools are added to 
their face-to-face classes (Grasso, 2015). 
Lecture Presentation Tools, Smart Podium, and Interactive Boards  
 Among four modes of presentations of the same information using written 
materials, enhanced print, narrated video tapes, and self-paced MS PowerPoint 
presentations, enhanced print version tended to be more effective than either the original 
written materials or the video (Campbell, Goldman, Boccia, & Skinner, 2004). With 
regards to different teaching models such as a PowerPoint lecture, a video, reading 
materials, and an artificial model (for lab teaching), researchers in the medical field found 
that a lecture and practice with the model were useful in improving their skills, but the 
video and readings were not (Armstrong et al., 2005). When audio and video recordings 
were presented with PowerPoint materials, it was found that the use of PowerPoint 
positively influenced the teaching and learning process (Astleitner, 2002). PowerPoint 
lectures have evolved from linear presentations of content to more student-centered 
pedagogy where faculty can introduce questions for active learning, manipulate slides, 
and add content and explanations on the fly. 
 With the introduction of smart technology in 2007, PowerPoint has been 
increasingly used with smart tablets in the lecture halls. This smart tablet, also called 
Smart podium, is mounted on a dice and is connected to the projection screen that allows 
faculty to display PowerPoint slides, images, and videos with a touch screen. The Smart 
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podium permits faculty to electronically write on PowerPoint slides using a stylus. 
Furthermore, the faculty can be more interactive with the content; for example, they can 
adjust a lecture, add additional comments, display drawings, and put emphasis on certain 
points or  passages. In large undergraduate classrooms, faculty members use Smart 
podium to write STEM related scientific equations, derivations, and explanations when 
using modeling techniques for teaching and learning activities. 
 The Smart podium also allows the faculty to add blank slides on the PowerPoint 
presentations where they can add or write more content, lecture explanations after 
clicker questions, or add more clicker questions if there appears a pedagogical 
requirement to enhance a lecture explanation. This is considered to be “just in time” or 
“on the fly” design where faculty can manipulate the smart technology to re-design 
their lecture content and pedagogy to teach effectively. The Smart podium technology 
can also be connected to Echo360 lecture capture device that records the PowerPoint 
just-in-time content changes and explanations with all the annotations while the 
professor is teaching in the room. Students can have access to the in-class lecture 
content via vodcast, podcast, and mp4 on the university’s learning management system. 
Research Gaps in Active Learning 
 Below are some of the research gaps that have been identified for active learning 
and educational Technology in undergraduate STEM teaching. 
i. While there are studies on student achievement using Active learning (AL), there 
are limited studies on how faculty members adopt and start using some of the AL 
activities in their classrooms. The forms of active learning in classroom and 
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online may be different from classroom to classroom and they may also be 
different from one faculty to another faculty’s teaching style. The adoption 
process and design of AL activities are not studied in higher education. 
ii. There is also a lack of research in precisely describing the types of AL that are 
successfully adopted by established and new professors. Active learning research 
doesn’t take into account how faculty members think about pedagogy and their 
prior experience or lack of experience in teaching large undergraduate courses in 
STEM programs. 
iii. For more classrooms and different STEM disciplines, the future research studies 
may also include types of instructional moves such as problem type or learning 
activities (procedural knowledge skills versus declarative knowledge skills or 
spatial skills) that professors adopted first and how they moved from one AL 
techniques adoption or use to another one. There is a need to study the use of 
multiple instructional techniques, their design, and effective use by faculty 
members (like types of classroom assessments to measure students’ understanding 
during lectures or online assessments with videos, types of learning materials and 
teaching materials used in online learning and face-to-face teaching, and the place 
of different cognitive based strategies). 
iv. Differences in the Al techniques from simple to complex AL techniques are not 
distinguished based on cognitive and learning sciences. It is not clear from 
previous studies how professors adopt and think about the need to use them in 
their classrooms. 
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v. In STEM education, the use of AL is mentioned in an agnostic manner.  It is 
understood that any AL activity will be suitable to any teaching and learning 
context. As such context-specific demands and pressures are absent in the AL 
research. Also is absent how professors consider their department and STEM 
discipline contexts when using certain types of teaching and learning activities 
and how they are influenced by the teaching priorities within their schools and 
colleges at the university. 
Technological Pedagogical and Content Knowledge (TPACK) 
Mishra and Koehler (2006) base the TPACK framework upon Lee Shulman’s 
(1986, 1987) theory of “pedagogical content knowledge” (PCK).   Shulman proposes that 
pedagogy and content do not exist in isolation. Traditionally, these two concepts have 
been considered as separate knowledge bases in teacher education. According to Shulman, 
there exists a relationship between the two, and successful teachers have the ability to 
incorporate their knowledge of pedagogy and content simultaneously. According to 
Shulman, PCK includes the most regularly taught topics in one’s subject area, the most 
useful forms of representation of those ideas, the most powerful analogies, illustrations, 
examples, explanations, and demonstrations — in a word, the ways of representing and 
formulating the subject that make it comprehensible to others (Shulman, 1986, 1987).  
Mishra and Koehler (2006) have developed a TPACK framework to further 
understand the concept of quality educational technology use in teaching based on 
Shulman’s theory of PCK. According to Mishra and Koehler (2006), quality technology 
use is part of a complex process where content, pedagogy, and technology are interrelated 
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bases of knowledge that good teachers possess or develop.  Mishra and Koehler recognize 
that effective technology integration is essential to quality classroom technology use and 
results in good teaching with best pedagogical practices (2006). 
Content Knowledge (CK), Pedagogical Knowledge (PK), and  
Technological Knowledge (TK) 
TPACK consists of seven components or parts. At the first level, there are three 
distinct and separate knowledge bases of content knowledge, pedagogical knowledge, 
and technological knowledge. Content knowledge (CK) is explained by Shulman (1986, 
1987) as the knowledge of central facts, concepts, theories, and procedures within a given 
field; knowledge of explanatory frameworks that organize and connect ideas; and 
knowledge of the rules of evidence and proof (Mishra & Koehler, 2006).  Pedagogical 
knowledge (PK) is a deep knowledge about the processes and practices or methods of 
teaching and learning, and how it encompasses overall educational purpose, values, and 
aims. The teacher needs to develop a form of knowledge that is involved in all issues of 
learning theories, teaching methods, student learning, classroom management, lesson plan 
development and implementation, and student evaluation (Shulman, 1986, 1987; Mishra & 
Koehler, 2006; Harris, Mishra & Koehler, 2009). Technological knowledge (TK) is the 
knowledge about hardware and software tools as well as the skills required to utilize them. 
This also requires that as technologies evolve, teachers must continue to adapt to the 
changes and be able to continuously adapt to the changing pedagogical and content 
designs with each technology. 
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Pedagogical Content Knowledge (PCK), Technological Content Knowledge (TCK),  
and Technological Pedagogical Knowledge (TPK)  
According to Mishra and Koehler (2006), there is a higher level of interactions 
between the three knowledge bases CK, PK, and TK, interactions that eventually become 
part of the overall TPACK concept. The second-level interactions are:  Pedagogical 
content knowledge (PCK), Technological content knowledge (TCK), and Technological 
pedagogical knowledge (TPK). Mishra and Koehler agree with Shulman’s (1986, 1987) 
idea that teachers possess knowledge of pedagogy, which is applicable to teaching specific 
content. PCK includes knowing what teaching approaches fit the content and how 
elements of the content can be arranged for better teaching. It also deals with what 
concepts are difficult or easy to learn, knowledge of students’ prior knowledge, and 
theories of epistemology (Shulman, 1986, 1987). TCK is the knowledge about the 
interrelationship of technology and content (Mishra & Koehler, 2006). TCK implies that 
teachers not only need to know the content they teach but also the manner in which the 
subject matter can be changed and designed by the application of technology. Finally, TPK 
is the knowledge of different technologies that can help design pedagogical activities to 
support teaching and learning in various ways and how the technologies can be used in 
teaching and learning activities (Mishra & Koehler, 2006; Harris, Mishra & Koehler, 
2009).  
Technical Pedagogical and Content Knowledge (TPACK) 
The third level interaction is technological pedagogical and content knowledge 
(TPACK) that includes all three knowledge domains or types at its center. TPACK 
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concept is an emergent form of knowledge that goes beyond all three components 
(technology, pedagogy, and content) (Mishra & Koehler, 2006). Mishra and Koehler 
attribute TPACK as the basis of good teaching with technology (Mishra & Koehler, 
2006).  TPACK is multifaceted as it:  
“…requires an understanding of the representation of concepts using technologies; 
pedagogical techniques that use technologies in constructive ways to teach 
content; knowledge of what makes concepts difficult or easy to learn and how 
technology can help redress some of the problems that students face; knowledge of 
students’ prior knowledge and theories of epistemology; and knowledge of how 
technologies can be used to build on existing knowledge and to develop new 
epistemologies or strengthen old ones.” (Koehler & Mishra, 2008, pp. 17 - 18). 
 
 
 
Figure 2.2: TPACK (Mishra & Koehler, 2006) 
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TPACK Earlier studies and Higher Education 
 Since 2006, research in TPACK focuses on preK–12 teachers and teacher 
educators and how they use different TPACK knowledge domains to teach and prepare 
pre-service teachers in preK–12 (Mishra & Koehler, 2006; Mishra & Koehler, 2007; 
Harris, Mishra, & Koehler, 2009). In a study by Koehler, Mishra, and Yahya (2007), they 
use discourse analysis to track the development of TPACK. Analyzing the conversations 
of teachers working in design teams, they track the development of each of the seven 
components of TPACK over the course of a semester and the results reveal that when 
teachers start their designs, the content knowledge (CK), pedagogical knowledge (PK), 
and technological knowledge (TK) constructs are separate but as they gain more 
knowledge, the relationships between various components evolved and the interactions of 
the technological pedagogical knowledge (TPK), technological content knowledge 
(TCK), pedagogical content knowledge (PCK) became more obvious. No clear 
distinction was made to TPACK as an interaction in all the interviews, but the designs 
allowed the researchers to understand the different constructs and interactions within 
TPACK.  
 Use of TPACK in higher education (Niess, 2011) is recent and seventeen TPACK 
studies have been identified that are divided into the following areas: 1) Educational 
technologies and teacher’s instructional knowledge; 2) Professional development of 
faculty adopters; 3) Research on TK and PCK domains to identify TPACK; and 4) 
Teacher educators and TPACK. 
 
	
	
	
58 
Faculty Members’ Teaching Beliefs and Adoption Process 
with Technology and Pedagogy 
 The five TPACK studies identified in this section have looked at the influence of 
faculty beliefs and use of educational technologies and the incremental effects of 
instructors' knowledge of TK, CK, and PK. Dirkin & Mishra (2010) look at the 
transactional relationship between three professors’ beliefs and values about teaching and 
learning, and the course management system in an online class. Instructors using the 
same course management system rely on very different instructional practices to teach the 
content of their courses. The instructors' knowledge of technology show different 
approaches to the use of different TCK, TPK, and TPACK domains that reflect their 
teaching beliefs and values in the online course. In two similar studies using blended 
learning by King & Arnold (2012) and online learning by Anderson et al. (2013), the 
researchers look at how technology influenced faculty to teach differently using different 
content design and pedagogical activities. The study by King & Arnold (2012) finds that 
motivation, communication, and course design are three factors that contribute to the 
overall success of blended learning courses and students’ satisfaction. Hence, course 
preparation emerges as a contributing factor to successful use of blended learning for the 
faculty. Anderson et al. (2013) explore the faculty members’ teaching practices and 
awareness with specific types of teacher knowledge about online teaching. The TPACK 
theoretical framework enables the researchers to identify lecturers' views about the 
content taught in online and blended environments, the pedagogy which guided teaching 
and course design, and the type of technology selected to facilitate students' learning.  
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 The researchers Ashe & Bibi (2011) and Bibi et al., (2012) explore the nature and 
types of knowledge that university teachers draw upon when they are making decisions 
related to the use of information and communication technologies (ICT). The results 
show that when planning to use ICT, the teachers combine different knowledge types 
with context-specific experiences and projected situated actions. The researchers 
illustrate three qualities of teachers’ knowledge that support core teachers’ planning 
decisions: a) the linking role of pedagogical knowledge with content and technology; b) 
relational nature of teachers’ design thinking when using web 2.0 tools like Wikis; and c) 
the experiential basis (prior experiences) of teachers’ anticipations with technology 
integration.   
Faculty Professional Development and TPACK Training 
 Archambault et al. (2010) discuss the outcomes of a professional development 
project offered to faculty in a university. The goal of the professional development is to 
assist instructors with the use of progressing technologies and to integrate Web 2.0 tools. 
The project looks at the redesign of an instructional unit using TPACK while 
incorporating social networking. The study finds that the integration of social networking 
tools allow faculty to look at the fit of Web 2.0 technologies within specific content 
areas. 
 Three online faculty professional development programs are identified that use 
TPACK to teach faculty how to integrate technology, content, and pedagogy. In a study 
by Alsofyani et al. (2013), the researchers look at the use and implementation of short 
online technology integration training modules developed for faculty. Results show a 
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positive effect for expository training. Participants strongly recommend blending 
expository with active experiences in the future online training workshop for TPACK 
development programs. The results of the research confirm the significance of applying 
active experiences for online programs that are designed for faculty development.  
 In a similar study regarding online professional development of faculty, Rienties 
et al. (2013) work on training teachers in order to increase their awareness of the complex 
interplay between technology, pedagogy and the cognitive knowledge in their disciplines. 
The study measures the perceived learning satisfaction to determine whether the 
professional development design is suitable for higher education. It is found that most 
participants are positive about the design and implementation of the online 
professionalization program. However, not all teachers are able to effectively learn in this 
context. Similar to the above two studies, Stover & Veres (2013) look at how the TPACK 
framework can be used in an online faculty development program. The researchers look 
at faculty needs to develop TPACK so that they are be able to interpret content 
knowledge and transform it into active teaching and learning activities. The results 
indicate that the participants report significant gains in some of the content design and 
teaching activities but have difficulty continuing with the re-design of their courses after 
the training is finished. 
Research on Technological Knowledge and Pedagogical Content Knowledge Domains 
 Four studies are identified on how Technological Knowledge and Pedagogical 
Content Knowledge can influence technology integration in higher education using 
TPACK as a framework. Corey (2012) tries to explore and understand the professional 
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and educational experiences of six English faculty members teaching undergraduate 
courses using TPACK. The major focus of the study is to determine how faculty 
members understood the nature of teaching with technology in undergraduate classrooms 
using TPACK framework. The study reveals five themes showing how the participants 
are introduced to technology, how they assimilate it into their pedagogy, and how they 
integrate it into their teaching practice. The study explains the methods and techniques 
used by the six participants as they merge technology, pedagogy, and content knowledge 
and set in motion the classroom practices that assist faculty at all levels to develop and 
teach effectively. 
 Barujel et al. (2013) look at the TPACK framework and the professional 
knowledge of university professors that allow for the construction and transfer of 
teaching practices. The study looks at the dimensional transformation of knowledge that 
allows the development of an engineering teacher's TK, PCK, and TPACK. The results of 
this study show limited development and relationship between the different domains of 
TPACK, changes in teaching, and pointed to poor use of specific technologies in the 
engineering teaching. 
 Benson & Ward (2013) use the TPACK profile as a framework for evaluating 
teaching expertise in higher education. The researchers create individual TPACK profiles 
for three professors within a college of education. The faculty profiles illustrate each 
professor's degree of content, technology, and pedagogical knowledge levels and how 
they interact in unique patterns. The study concludes that when instructors' TK is defined 
solely as their ability to use various technology tools, a balanced and integrated TPACK 
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profile is unlikely. But when instructors are able to explicitly articulate their 
understanding and application of pedagogical knowledge with their content, they are 
more likely to demonstrate TPACK framework and technology integration. 
 Bachy (2014) studies a variation of TPACK called Techno-pedagogical 
Disciplinary Knowledge (TPDK) model. This model integrates four separate dimensions 
to measure a faculty member’s effectiveness, which include individual teacher’s 
discipline (D), personal epistemology (E), pedagogical knowledge (P), and knowledge of 
technology (T). The study looks at TPDK and correlates the teacher’s individual profile. 
The researchers find that (D), (E), (P), and (T) do not necessarily have the same weight 
when it is correlated with individual profiles. A second questionnaire is used to test the 
correlations between the TPDK model’s different dimensions. The researcher finds that 
pedagogical knowledge is significantly correlated with the other three dimensions. This 
consolidated framework help the researchers to build an educational development 
coaching for teaching practices that widely uses technology in teaching for faculty 
members.  
Teacher Educators and TPACK 
 Atkins et al. (2013) work with three university professors (a department chair and 
English education professor, a social studies/literacy professor, and an educational 
technology professor) and share the on-going process of faculty and student development 
as digital educators. Founded on the belief that it is the responsibility of all faculty 
members to prepare pre-service teachers for effective use of technology and that it must 
no longer be relegated to the realm of the instructional technology faculty or on 
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technology course. This study looks at the path faculty take, learning with and often from 
their students in adopting technology in pedagogically sound ways, and operating under 
the theoretical underpinnings of the TPACK model.  
 The work by Messina & Tabone (2014) focuses on one Italian university 
educators. The study looks at how faculty members’ technology proficiency can be 
identified by the use of different kinds of technology, and to explore the three domains of 
TPACK in order to identify the degree of integration and intersection of TK, PK, and CK. 
The results show that when teacher educators had a strong pedagogical content 
knowledge, the use of technology is effective compared to those with stronger 
technological knowledge. The researchers also discuss the improvement in the university 
educators’ use of technologies with pedagogy. 
Research Gaps and Limitations of TPACK 
 TPACK research in higher education is at its initial stages. There are a limited 
number of studies (17) on faculty members’ use of educational technologies and TPACK. 
There has only been one TPACK studies on STEM professors. 
i. According to Kelly (2010), preK–12 TPACK has had some concerns with 
instrument validation and reliability, and has received very limited 
treatment across some of the TPACK. In higher education, almost all 
studies are case studies or based on interviews and observations. The lack of 
a valid university survey for TPACK is very evident. According to Kelly, if 
TPACK research is to fulfill its potential as a practical and theoretical 
definition of technology integration then valid, reliable, and usable methods 
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of measuring TPACK is needed in preK–12 as well as in higher education. 
This is of particular concern because measures that are not reliable (test-re-
test, inter-rater) would likely not be used in future studies (Angeli & 
Valanides, 2009; Kelly, 2010).  
ii. Most of the higher education TPACK studies conducted so far have used 
small sample size (three to twelve participants). These studies have used 
qualitative methods or mixed methods like case studies with observations, 
interviews, and surveys. 
iii. In TPACK literature, the seven concepts have been identified by different 
terms such as TPACK domains, concepts, or constructs. It is argued that if 
TPACK is to be considered as an analytical theoretical framework for 
guiding and explaining teachers’ thinking about technology integration in 
teaching and learning, then TPACK’s degree of precision needs to be put 
under scrutiny. The degree of precision of a construct refers to the 
discriminating value of the construct and has important implications for its 
development and assessment (Cox & Graham, 2009; Graham, 2011).  
iv. Research in preK–12 has looked at TPACK as an integrative concept of 
technology adoption and use. Graham (2011) looks at the limitations of the 
integrative model (use of technology into the existing curriculum) and asks 
if the TPACK framework can be better used to study technology as a 
transformative model where educational technologies completely change 
the teaching and learning dynamics in a classroom. 
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v. The TPACK framework also has some important limitations. The most 
important of these is the agnostic ways in which it treats each of the 
knowledge bases – content, pedagogy, and technology. The TPACK 
framework assumes that it is value-free in saying that any content, for 
example, can be used to be fitting into the framework, and that it further 
assumes that content selected will have relationships to pedagogy, and the 
technology used to teach it. The TPACK framework offers little guidance 
about what content to teach, which pedagogical approaches are useful, and 
what kinds of technologies are worth using in teaching (Mishra, Koehler, & 
Kereluik, 2009). 
vi. Mishra & Koehler (2006) explain that the TPACK framework can be 
helpful in thinking about the types of knowledge that teachers may need in 
order to successfully integrate technology into their classrooms, by 
emphasizing that technological knowledge, per se, is not enough. They do 
not however mention that teachers must also develop understanding that all 
educational technologies have certain affordances and constraints for 
representing different content, and that there are different kinds of teaching 
and learning designs and approaches used to teach with various 
technologies. 
vii. The TPACK framework also assumes that the teachers possess the ability to 
repurpose educational tools creatively within the demands of content and 
pedagogy. According to Passig (2007), the use of educational technologies 
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requires melioration, or the competence to borrow a concept from a field of 
knowledge supposedly far removed from the teachers’ domain, and adopt it 
to a pressing challenge in an area of personal knowledge or interest (Passig, 
2007). This demands a level of teaching experience, content design, and 
technological expertise that novice teachers or new faculty members may 
not possess early on in their teaching career. 
Conclusion 
 The DOI, AL, and TPACK frameworks have the possibility to provide a strong 
foundation for research in higher education adoptions and for understanding faculty 
members’ technological and pedagogical knowledge. A solid understanding of DOI, AL, 
and TPACK framework together can provide a strong theoretical and practical guidance 
on how faculty members approach adoptions and use technology with different content in 
specific ways. However, in order to understand how professors adopt and use educational 
technologies in effective ways, further work needs to be done to understand the different 
TPACK interactions with adoption stories of technologies and AL pedagogies. In 
particular, researchers need to understand the types of adoptions, the situations where AL 
is used in diverse ways, and how different technologies bring different pedagogies 
together.  
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Chapter 3 
The current research tries to understand 1) the different ways in which 
technological and pedagogical knowledge adoptions (active learning techniques) occur in 
STEM undergraduate programs, 2) their readiness for teaching with educational 
technologies, and 3) how different TPACK knowledge components are developed by 
faculty members. To accomplish the following key research questions are studied: What 
are the processes of adoption of educational technologies and why do faculty members 
adopt different educational technology innovations as they first emerge?;  What evidence 
exists to create new teaching and learning opportunities with educational technologies 
in undergraduate classes?; and How do faculty members bring together their content 
and pedagogical knowledge with technological knowledge in undergraduate classes to 
create better teaching and learning environments? 
The research methodology, the choice of participants, and research instrument 
selection were all designed to answer the research questions. 
Context and Participants Selection 	 The College of Arts and Sciences (CAS) one of the largest college in one 
of the New England University campus was the focus of the study. The college offers a 
broad range of courses in humanities, social, natural and computational sciences and has 
more than 7000 undergraduates and 2000 graduate students (2015–2016). The researcher 
studied two undergraduate courses taught by two cohorts of faculty members in Science, 
technology Engineering and Mathematics (STEM). Two faculty cohorts were chosen in 
order to obtain a homogenous sample (Homogenous sample of participants meant that 
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they were all teaching undergraduate courses in STEM, teaching as a cohort different 
sections of the same undergraduate course and teaching the same subjects for example 
Chemistry or Physics)  from faculty teaching STEM courses at CAS. The characteristics 
of participant homogeneity related to this study consisted of the following: a) faculty 
members teaching same undergraduate first year courses, b) large undergraduate classes, 
c) same college or department, and d) teaching with similar or somewhat similar 
educational technologies and content. Based on this assumption, faculty members were 
assumed to possess similar academic and professional qualifications. A total of twelve 
professors were contacted via emails and eight faculty members composed of two STEM 
teaching cohorts agreed to participate in the study. 
To control for extraneous or confounding factors in undergraduate college courses 
where educational technology was used, the Chemistry and Physics undergraduate 
classes were selected because of their relationship to teaching and learning with 
educational technology (Creswell et al., 2003; Creswell, 2013).  It was assumed (to keep 
the sample of participants similar or somewhat similar) that an examination of a sample 
of faculty members teaching the same course as a sample of CAS would have a similarity 
of teaching purpose, focus, and technology resource allocation which would lend itself to 
providing meaningful data and information about the participants in the study. 
For the qualitative research, the same purposeful sample was included to learn, 
explore, and to understand the central phenomenon (Miles & Huberman, 1994; Patton, 
2003), i.e., faculty members’ educational technology adoptions, teaching patterns with 
educational technology, and identification of patterns of technology use and integration 
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with different levels of pedagogical and content knowledge. The idea was to include the 
similar or somewhat participants who were the best to answer the qualitative research 
questions in the study (Patton, 2003). All eight participants from the survey phase were 
included in the pre-observation interviews, in-class and online observations, and post-
observations interviews.  
Due to the nature of the design of this study, the selection of the participants was 
determined at the start of the research process. This allowed the researcher to present and 
explore multiple perspectives of the participants and triangulate the survey as well as 
qualitative data regarding the adoption, effective use and integration of educational 
technologies in undergraduate classes (Creswell et al., 2003). 
Participants Description 
 Participants were from two STEM teaching cohorts with different ranks, tenure, 
teaching experience, and some experience in the use of educational technologies. The 
Physics cohort consisted of four professors: one faculty member was a full professor, 
second one was on tenure track, and two were teaching instructors. The Chemistry cohort 
comprised two full professors, one lecturer, and one post-doctoral teaching fellow. Three 
Chemistry faculty members had more than eight years of teaching experience and one 
professor had a year of teaching experience. The participants from Physics cohort had 
one lead professor course designer with a teaching experience of more than twelve years 
and the other three professors had a teaching experience of three to five years in the 
current undergraduate program.   
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Research Design 
This study used a mixed methods design, more specifically a convergent parallel 
mixed methods design (Creswell et al., 2003) that consisted of two parts: quantitative and 
qualitative methods. The mixed design was used to collect, analyze, and combine survey 
and qualitative data in parallel stages of the research process within a single study.  
 
 
Figure 3.1: Convergent Parallel Mixed study design (Creswell et al., 2003) 
The aim of the survey research was to identify descriptive data about faculty 
members’ years of experience, tenure and levels of technology use, technology adoption 
patterns, frequency of use in their classes, and pedagogical uses of educational 
technologies. The survey provided a general picture of the research problem, i.e., internal 
and external factors such as faculty support systems, institutional incentives, and trainings 
that may help faculty members to adopt and use educational technologies in their different 
teaching activities. In contrast, the qualitative phase collected data using multiple case-
study approach through individual semi-structured pre-observation interviews and post-
observation interviews, classroom documents, in-class observations, and online content to 
help understand and further elaborate the survey data and how faculty members selected, 
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used, and taught with technology in undergraduate STEM programs. The results of the 
survey data and qualitative data were integrated during the discussion of the outcomes of 
the whole study in chapter four. 
Survey Design 
The first research question “What are the processes of adoption of educational 
technologies and why do faculty members adopt different educational technology 
innovations as they first emerge?” sought a set of descriptive information regarding the 
participants and the factors that may influence educational technology adoptions for this 
study. The survey data collected information about faculty members’ adoptions and uses 
of educational technologies in the following factors: number of student, academic rank, 
experience, adopters’ category, factors for adoption, attitudes and predisposition to 
adoption, frequency and types of technology use.  Selected factors for faculty adoption 
categories that contributed to and/or delayed faculty members’ persistence were 
identified through the analysis of literature on theories of diffusion of innovations 
(Rogers, 1995; 2003) and adopter categories and characteristics in higher education. 
 For this study, the instrument was adapted from a previous dissertation on higher 
education faculty and technology adoptions (Medlin, 2001). The survey was updated and 
further developed to investigate the factors that may influence a faculty member's 
decision to adopt educational technologies in the delivery of classroom and online 
instruction. More specifically, the questionnaire was designed to elicit information from 
participants concerning how those decisions were influenced by social, organizational, 
personal motivational factor, and teaching activities. The items were based upon factors 
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that were identified in Rogers' diffusion of innovation theory and current literature 
pertaining to adopter categories and different adoption factors (Medlin 2001; Ejiogu, 
2010). 
The survey on faculty technology adoptions and uses was divided into six 
sections.  
 a. The first section of the questionnaire obtained demographic and self-identified 
adopter behavior information from participants used in data analysis (e.g., rank, tenure 
status, level of experience). The remaining questions elicited data about the pre-
disposition to educational technology use in teaching. 
 b. The second and third sections contained fifteen items designed to determine the 
adopter category and factors for adoption of educational technologies in the delivery of 
instruction. This section investigated a variety of educational technologies, ranging from 
computer and document camera use to website development for content delivery, online 
videos and discussions. The instrument employed a Likert scale to elicit participants' 
responses related to questions describing the factors of adoption of educational 
technology used.  
 c. The fourth section consisted of nineteen items, and solicited responses related 
to the participants' attitudes and predisposition toward a set of social and professional 
actions. A Likert scale, ranging from one to five, was employed to identify degree of 
preference within each category. 
 d. The fifth section related to nineteen social, organizational, personal, and 
professional motivational factor variables such as peer support, and mandate from the 
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university, and a personal interest in instructional technology. The purpose of this section 
was to examine the influence of these factors on a participant's decision to adopt 
educational technologies in the delivery of classroom and online instruction. 
 e. The last section of the survey contained two sub-sections comprising of 
nineteen items and an open ended question. The last two questions Q11 & Q12 (open-
ended questions) contained twenty-five items about the frequency of the use of 
educational technologies and how those tools were used with different teaching and 
learning activities in STEM undergraduate classes. 
The survey questionnaire, designed with “Qualtrics” – a web-based survey 
software, was accessed through a URL link sent to all participants via email. One of the 
advantages of web-based surveys was that participants’ responses were automatically 
stored in a database and could be easily transformed into numeric data in MS Excel or 
SPSS formats. A written informed consent form was emailed in the message of the text 
with the survey link at the end of the consent message. By clicking on the link, 
participants expressed willingness to participate in the study and completed the survey. 
A week before the survey was available on the web; participants received an 
introductory email about the research topic and the importance of their input for the 
study. This helped in establishing a context prior to emailing the actual survey. 
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Survey Categories Survey Questions Survey Number 
and Items 
Background: Related 
to Undergraduate 
Program Faculty rank 
and tenure  
-What is the approximate number of 
students in your class? 
-Indicate your academic rank and tenure 
Q1, Q2, & Q3 12 
items  
Teaching Experience 
and educational 
technology use 
experience 
-How long have you been teaching? 
-How do you rank your level of experience 
in the use of educational technologies in the 
delivery of instruction? 
Q4 &Q5 
10 Items 
Adopter Category -Please select which of the following levels 
describe your disposition toward the 
adoption of educational technologies 
Q6 
5 Items 
Factors for adoption -How important have the following factors 
been in your decision to adopt or not to 
adopt educational technologies in the 
delivery of instruction? 
Q7 
13 Items 
 Attitudes and pre-
disposition to 
educational 
technologies 
-Please select the most appropriate response 
option that best describes your attitudes and 
predisposition toward the following. 
Q8  
19 Items 
Frequency and type of 
technology use 
  -Please select the response option that best 
describes the frequency of your use of each 
of the following educational technologies 
that you used in the past or used that 
semester 
-Please respond to the use of each of the 
following educational technologies for 
teaching and learning in your course. 
Q9  
19 Items 
Q10 Open-ended 
 
Q11 
13 Items 
12 items 
Q12 Open-ended 
 
Table 3.1: Survey Design Steps 
Survey Data Collection 
The survey instrument was first pilot tested on a few selected educational 
technology experts and two educational technology faculty members who taught in the 
Charter College of Education in another university in Los Angeles, California. The goal 
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of the pilot study was to validate the instrument and to test its reliability. Based on the 
pilot test results and feedback, some of the survey items were revised. 
Data Analyses 
Data screening was used to identify data results that included the descriptive 
statistics for all the survey factors (Kane, 1983). There were eight respondents. 
Descriptive statistics for the survey items were summarized in the text and reported in a 
non-statistical format. Frequency analysis was conducted to identify valid percent for 
responses to all the questions in the survey. The results of the analysis are reported in the 
form of a discussion. All descriptive non-statistics analyses of the survey results were 
conducted with the help of Statistical Package for Social Sciences software (SPSS, 
version 14.0).    
Reliability and Validity 
The stability (test-retest reliability) of the survey instrument was obtained 
through the pilot testing. Content validity shows the extent to which the survey items and 
the scores from these questions are representative of all the possible questions about 
faculty adoption patterns and uses of technology.  For content validity, the wording of the 
survey items were examined by a group of educational technologists at the university 
where the research was conducted and professors, who teach educational technology 
courses in the Charter College of Education, California State University, Los Angeles. 
This step helped to assess whether the survey questions were relevant to the subject it 
was aimed to measure, if it was a reasonable way to gain the needed information, and if 
it was well designed.  
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Qualitative Data Collection 
The qualitative phase of the study focused on understanding and elaborating the 
results of the numerical data obtained during the survey phase of data collection. A case 
study research design was used to collect and analyze the qualitative data. The case 
study approach served the purpose of elaborating the research survey and further 
addressing research question one “What are the processes of adoption of educational 
technologies and why do faculty members adopt different educational technology 
innovations as they first emerge?”, research question two “What evidence exists to 
create new teaching and learning opportunities with educational technologies in 
undergraduate classes?”, and research question three “How do faculty members bring 
together their content and pedagogical knowledge with technological knowledge in 
undergraduate classes to create better teaching and learning environments?.” In 
particular, data was collected for evidences of teaching and learning opportunities with 
educational technologies and faculty members’ technological pedagogical and content 
knowledge considerations.  
The qualitative data stemmed from two sources: interviews and observations. 
The interviews comprised of pre-observation and post-observation interviews. The 
observations of classroom and online uses of technology were conducted in between the 
two interviews. The researcher conducted in-depth semi-structured face-to-face 
interviews with individual faculty members who were teaching introductory Physics and 
Chemistry courses. Triangulation of the data was accomplished by collecting data from 
multiple sources such as pre-observation interviews, classroom observations, access to 
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classroom content, online content such as videos and discussion board postings in Piazza, 
and post-observation interviews. Online classes used by the faculty via Blackboard 
learning management system or other websites were also examined for supporting 
information and data triangulation. 
The pre-observation interview protocol included eighteen open-ended questions 
based on the DOI, active learning, and TPACK theoretical frameworks. The interview 
protocols mainly focused on the DOI, theory of active learning in STEM, and 
technological, pedagogical and content knowledge designs for their undergraduate 
teaching. The protocol was pilot tested on two educational technology experts from the 
same university. Before each interview, participants were briefed about the interview 
protocol and provided with the information on the clarity of the interview questions, and 
their relevance to the study. The participants were informed that the interview would be 
tape-recorded and transcribed verbatim. Respondents had an opportunity to review and, if 
necessary, correct the contents of the interview after it had been transcribed. 
The pre-observation questions asked about technology adoptions – Tell me how 
long you have been using educational technology. What was your motivation for first 
using technology?; what do you feel is the most significant factor that augments your 
ability or desire to adopt and implement a technology innovation?; what was your 
motivation for first using educational technology in your teaching?; how would you 
describe your process along the journey of technology adoption and implementation in 
teaching and learning?. Below find one of the interview protocols used in the pre-
observation interviews as figure 3.2. 
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Figure 3.2: Qualitative Research Interview Protocol  
The post-observation interview protocols included seventeen open-ended questions, 
based on the classroom observations regarding active learning and TPACK theoretical 
framework. The interview protocol mainly focused on the uses of technology, content, 
and pedagogy used in the STEM undergraduate teaching (Appendix D).  
For the qualitative observations, the researcher collected data as a participant 
observer. Throughout the duration of the observations, the researcher used the TPACK 
technology integration observation instrument (appendix D) to observe faculty members 
teaching their classes in one hour to two hours duration thrice a week, taking detailed 
field notes and memos. The observation notes focused on the thorough description of 
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teaching and learning cues with technologies, teacher-centered activities, and learner-
centered tasks. The researcher wrote and recorded detailed classroom (with time stamps) 
teacher-student interactions, uses of technologies, and pedagogical activities. The 
observations included the teaching of one entire unit or concept in Physics and Chemistry 
for the duration of five to six weeks. The researcher kept detailed logs of the teaching 
activities and subject matter content used in class and online during the observations. 
Below is the complete qualitative research design table 3.2. 
 
 
Table 3.2: Qualitative Research Design 
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Qualitative Data Analysis 
During the qualitative phase of the study, the data (obtained through the 
interviews, documents, online content, observations, and elicitation materials) were 
coded and analyzed for themes with the help of Qualitative Software and Research 
(QSR) NVivo 11. 
The qualitative analysis included the following steps: (1) preliminary exploration 
of the data by reading through the transcripts, writing memos, online documents, and 
observations; (2) coding the data by segmenting and labeling the interview texts; (3) 
using codes to develop themes by collecting similar codes together; (4) connecting and 
interrelating themes; and finally (5) constructing a narrative. To support the qualitative 
data, a visual data display was created to show the evolving conceptual framework of the 
factors and relationships in the data.  Data analyses involved developing a detailed 
description of each context and faculty members’ teaching and learning sequences. During 
the analysis the researcher situated each faculty member within its context such that the 
description and themes were related to the specific activities and situations involved in the 
group. In the proposed study, the data from each faculty member were first analyzed for 
themes. Then, all the analyzed data were further analyzed for themes that were either 
common or different among various faculty members participating in the study. This step 
showed the extent to which there were similarities or differences in participants as related 
to their groups or to their self-identified adopter profiles. In the final phase, the researcher 
interpreted the meaning of the cases and reported the findings and lessons learned. Figure 
3.3 represents the visual model of qualitative coding process and analysis for this study 
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(Creswell et al., 2003). 
 
 
Figure 3.3: Qualitative Data Coding Process 
Establishing Credibility and Reliability 
 The criteria for judging a qualitative study differed from the survey research. In 
qualitative design, the researcher sought believability based on coherence, insight, and 
instrumental utility and trustworthiness through a process of data verification rather than 
through traditional validity and reliability measures (Patton, 2003). To validate the 
findings, i.e., to determine the credibility of the information and whether it matches 
reality, four primary forms were used in the qualitative phase of the study: (1) 
triangulation – converging different sources of information (interviews, documents, 
artifacts); (2) member checking – getting the feedback from the participants on the 
accuracy of the identified categories and themes; (3) providing rich, thick description to 
convey the findings; and (4) external audit – asking a person outside the project to 
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conduct a thorough review of the study and report back. 
Research Permission and Ethical Considerations 
Ethical issues were addressed at each phase in the study. In compliance with the 
regulations of the Institutional Review Board (IRB), the permission for conducting the 
research was obtained (IRB, 2013). The Request for Review Form was filed, providing 
information about the principal investigator, the project title and type, source of funding, 
type of review requested, and number and type of subjects. Application for research 
permission contained the description of the project and its significance, methods and 
procedures, participants, and research status. This project was accorded an expedited-
middle status since the interviews with the participants were audio taped.  
An informed consent letter was developed. The letter stated that the participants 
were guaranteed certain rights, agreed to be involved in the study, and acknowledged 
their rights were protected. A statement relating to informed-consent was affixed in the 
email with the link survey and reflected acceptance and compliance by participation. 
The anonymity of participants was protected by alphanumerically coding each 
returned questionnaire and keeping the responses confidential. While conducting the 
individual interviews with the selected respondents, they were assigned initials for use in 
their description and reporting the results. All study data, including the survey electronic 
files, interview tapes, and transcripts, were kept in locked metal file cabinets in the 
researcher’s home office and will be destroyed after a reasonable period of time. 
Participants were told that a summary data would be disseminated to the professional 
community, but in no way it would be possible to trace responses to individuals. 
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Role of the Researcher 
The researcher’s involvement with data collection in the two phases of this study 
was different. During the first part of the research (survey phase), the researcher 
administered the survey and collected the data using the standardized procedures, 
including the convenience sampling, naturally existing groups, and reliability and validity 
checks of the instrument. The data analyses were performed using descriptive analysis 
and the results were interpreted based on the responses of each survey questions and the 
research questions. 
During the qualitative phase, the researcher assumed a more participatory role due 
to the “sustained and extensive experience with participants” (Creswell et al., 2003) and 
personal involvement with the research topic. The researcher was a graduate student at 
the School of Education in a New England University. The researcher also knew some of 
the participants in the study through educational technology trainings and campus 
meetings. In addition, during the data collection procedure, the researcher might have 
developed cordial and supportive relations with some participants. All of these 
experiences introduce a possibility for subjective interpretations of the phenomenon 
being studied and created a potential for bias (Patton, 2003). At the same time, it was 
worth noting that the researcher did not belong to the STEM group or to CAS. 
Extensive verification procedures, including triangulation of data sources, 
member checking, and thick and rich descriptions of the cases were used to establish the 
accuracy of the findings and to control some of the “backyard” research issues. 
Furthermore, a careful audit was done by the researcher’s academic advisor and 
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dissertation supervisory committee on all research steps, data procedures, and data 
analyses during this study. These arguments, although not strong enough to eliminate the 
possibility for bias, provided some reasons why the researcher decided to neglect the 
warning not to conduct a qualitative research “in one’s own backyard” (Creswell et al., 
2003; Creswell, 2013). 
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Chapter 4 
 
The study was conducted to identify, examine, and understand the relationships 
among the factors that may influence a faculty member's decision to adopt educational 
technologies for teaching and learning. The dissertation data analyses and explanations are 
presented in two sections. 1) The first section presents the results of a survey sent to two 
cohorts of faculty members who taught introductory Physics and Chemistry classes at the 
College of Arts and Sciences (CAS). The survey data provides information about the self-
identified adopter categories, faculty rank, tenure, institutional, social, and other 
influences that may influence adoptions in higher education. 2) The second section 
presents the results of the participants’ pre-observations interviews that further explore 
faculty members’ adoption timeline and factors that may influence the decision to 
adopt different educational technologies for teaching and learning. Classroom observation 
data were collected to look at how the different types of educational technologies were 
being used in these introductory courses and the frequency of use of each technology with 
teaching and learning activities followed by post-observation interviews to obtain further 
information or clarifications regarding the survey data, pre-observation interviews, 
classroom observations, online content, and online teaching.  
Survey Responses 
 
Surveys were emailed to two teaching cohorts comprised of four professors each 
(a total of eight faculty members) who taught introductory level Physics and Chemistry 
classes at a University in the Greater Boston area.  A total of eight surveys were returned 
before the start of the pre-observation interviews, classroom and online observations, and 
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post-observation interviews in the two semesters of Fall 2013 and Spring 2014. The 
overall response rate was 100%. 
Characteristics of the Sample 
 
Information regarding the participants’ demographic status indicated that the 
range of students enrolled in their courses were from 75 to 200 students. Physics classes 
had approximately 80 to 115 students per section. Student numbers in the Chemistry 
cohort were reported between 120 to 150 students per classroom. Three (3, 37.5%) of 
the eight faculty members held the rank of full professors and all three had teaching 
experience for more than ten years while one faculty member (1, 12.5 %) was assistant 
professor with four years teaching experience. Another faculty member reported to be 
an adjunct faculty (1, 12.5%) who had four years of teaching experience in the current 
rank. Three (3, 37.5%) of the faculty members held the rank of instructor, lecturer, and 
post-doctoral teaching faculty. The teaching experience of the lecturer was ten years 
whereas the instructor and post-doctoral faculty had less than five years of teaching 
experience each. Three (3, 37.5%) of the participants were tenured faculty. Non-tenured 
or tenure-track faculty accounted for five (5, 62.5%) of the respondents. The demographic 
characteristics of the respondents such as rank, tenure status, and level of experience are 
presented in table 4.1 below. 
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Self-Reported Characteristics of the Sample Size (N=8) 
  
Characteristics n % 
 
Rank 
 
Professor 3 37.5 
 
Assistant Professor   1 12.5 
 
Adjunct Professor   1 12.5 
 
Other (Lecturer, Post-Doc Teaching Fellow)              3           37.5 
 
Tenure Status 
 
Tenured   3 37.5 
 
On Tenure track   1 12.5 
 
Non-Tenured track (Full time)   3 37.5 
 
Adjunct        1          12.5 
 
Teaching Experience 
 
1 – 3 years   1 12.5 
 
3 – 6 years   2 25.0 
 
7 – 10 years 0  0.0 
 
10+ years 5  62.5 
 
Number of Students 
 
Less than 100   2 25.0 
 
101 – 150   4 50.0 
 
151– 200 2  25.0 
 
Table 4.1: General Participants’ Characteristics 
Of the sample of eight participants, one (1, 12.5%) of the respondents identified 
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himself as novice in the level of experience with educational technologies for teaching 
and learning. Three participants (3, 37.5%) ranked their level of experience as proficient 
users of technology. While four (4, 50%) of the faculty members ranked themselves as 
experts in the use of educational technology.  
Adopter behavior categories were identified by all eight participants. Each of the 
categories was described using actions or behaviors that had been identified by Rogers 
(1993, 2005) in his research on adopter characteristics regarding social, institutional, 
professional behaviors, adoption attitudes and predispositions (Medlin, 2001). Rogers 
identified five adopter categories, none of the respondents in this study, self- identified 
themselves as Type 1 (laggards) or Type II (late majority adopters). Out of the eight 
participants, five (5, 62.5%) respondents labeled themselves as Type 5 (innovators), two 
(2, 25%) respondents identified themselves as Type 4 (early adopters), and one (1, 
12.5%) participant labeled himself as Type 3 (early majority adopters). Additional 
demographic characteristics of self-identified adopter behavior and categories are listed 
in table below. In all, four faculty members identified themselves as Innovators and 
experts in technology use, one professor identified himself as innovator and proficient 
user, two faculty members identified themselves as early adopters and proficient users, 
and one professor identified himself as early majority adopter and proficient user. 
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Self-Reported Technology Adoption Characteristics of Sample Size (N=8) 
  
Technology Adoption Characteristics n % 
 
Level of Experience with Technology 
 
Novice   1 12.5 
 
Proficient   3 37.5 
 
Expert 4 50 
 
Adopter Category 
 
Type 1 – Laggards 0 0.0 
 
Type 2 – Late Majority 0   0.0 
 
Type 3 – Early Majority   1 12.5 
 
Type 4 – Early Adopters   2 25.0 
 
 Type 5 – Innovators 5                    62.5 
 
Table 4.2: Adopter Categories and Technology experience 
 
Survey Data Analysis 
The summarized data is presented in this section with frequency count of all 
responses for the rest of the survey questions with some details and explanations. The 
survey questions that had a response of "Not Applicable" or “Not Important” were kept 
for consideration when necessary. Survey questions one to six such as student 
enrollments, current academic rank and tenure status, teaching experience, level of 
experience with educational technologies, and dispositions toward the adoption of 
educational technologies gave a general overview of all eight participants. The 
responses from questions one to six were further considered when the rest of the 
questions were examined with all the survey responses. The survey questions seven to 
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twelve explored the frequency of classroom technology uses, online technologies, social 
factors, institutional factors, educational factors, professional factors for adoption, 
adoption attitudes and predispositions regarding the types of adopter categories, and 
the different educational or pedagogical uses of some of the technologies.  
Reasons and Factors for Adoptions 
Survey question seven was on the adoption factors that were important in the 
decision to adopt or not to adopt educational technologies in the delivery of instruction. 
Participants responded to four sub-categories, which explored reasons for adoptions based 
on social factors, institutional factors, educational and professional factors. The social 
factors comprised of peer support, peer pressure, university mentors, and shared values in 
the department. Seven participants responded that peer support and shared values in the 
department were somewhat important to very important. One participant responded that it 
was not important. Three participants stated that university mentors were not important or 
not applicable whereas five respondents answered that university mentors were important 
to very important. For the participants, peer pressure as a social factor for adoption was 
not very relevant.  Five participants answered that it was not important or not applicable 
whereas three participants answered neutral to important for them. The institutional 
factors for adoption were comprised of three categories that included mandate from 
university, institutional reward system, and formal recognition on a department or 
college, university level. Five participants answered that mandate from university 
was not important or not applicable to them. Two participants responded neutral and 
one answered important.  For the institutional reward system, four participants 
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answered that it was not important or not applicable for them and three other 
respondents said that they considered it neutral to important. Four participants 
reported that formal recognition was not important or applicable to them whereas 
four other professors responded that they considered it to be neutral to important. 
The difference was clear between expert professors and proficient/novice 
professors. Expert professors considered formal recognition to be an important 
factor in the adoption process. See question seven table and graph in appendix E. 
Educational, Institutional, and Professional Factors 
Question seven had other three sub-categories: student learning, new 
classroom equipment or new lecture room, and new educational technologies and 
teaching tools. All eight participants stated that all three factors such as student 
learning, new classroom equipment or new lecture room, and new educational 
technologies and teaching tools were important to very important for them when 
considering technology adoptions. The professional factors were also comprised of 
three categories that included professional interest in educational technology, 
professional interest in improving my teaching, and professional interest in 
enhancing student learning. All eight participants answered that these three factors 
were important to very important. There was not a significant difference between 
Chemistry professors and Physics professors. It was also unanimously reported that peer 
support, university mentors, shared values, student learning, new classrooms/equipment, 
professional interest in teaching with technology and enhancing student learning were 
very important factors in adoption. The difference was more noticeable between the expert 
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and proficient users of technology. The expert professors’ responses said that student 
learning and professional interest in enhancing student learning were very important for 
them but peer support and university mentors were not applicable to them. Proficient 
professors answered that peer support, university mentors, shared value were very 
important along with student learning and professional interest in teaching with 
technology and enhancing student learning. See question seven table and graph in 
appendix E. 
Adopter Attitudes and Predispositions 
In survey question eight, participants were asked to choose the most appropriate 
response option that described their attitudes and predispositions to technology adoption. 
The response options were divided into two types of adopter attitudes and dispositions. 
First option included response options about predispositions and attitudes regarding 
innovators and expert professors such as “I only enjoy socializing with people who share 
similar values in trying new things (5 participants disagreed to strongly disagreed and 3 
chose agreed and neutral), I like interacting frequently with my peers (8 participants 
agreed to strongly agreed), I am among the first in my professional or social life to try 
new things (7 participants strongly agreed to agreed and 1 participant was neutral), I 
consider myself to be an empathetic person (6 participants agreed and 2 strongly agreed), 
I have the ability to understand and apply highly technical knowledge (5 participants 
strongly agreed and 3 agreed), I welcome all opportunities to be a leader in my 
professional or academic life (2 participants strongly agreed, 4 agreed while 2 were 
neutral), I can make a quick decision to try something new (2 participants strongly agreed 
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and 6 agreed), and I am well respected and sought out for advice in my professional area 
(2 participants strongly, 5 agreed, and 1 participant was neutral).” 
 The second part of the question included response options about adopter categories 
such as early majority, late majority, and laggards and their reluctance to use educational 
technologies. For the response options such as “I don't rush into decisions to try 
something new (4 participants agreed, 2 were neutral and 1 disagreed), I would prefer to 
be a follower, not a leader, in all situations (1 participant was neutral, 4 disagreed and 3 
strongly disagreed), If I don't like something I will discontinue using it (7 participants 
agreed and 1 disagreed), I will try new things once they have been thoroughly tested and 
guaranteed not to fail (2 participants were neutral and 6 disagreed), I like to base my 
decisions on past experiences (5 participants agreed and 3 were neutral), I prefer that 
things not change but remain the same most of the time (3 participants were neutral, 3 
disagreed, and 1 strongly disagreed), I am cautious and deliberate in my decision making, 
preferring to know all the variables when making a decision to try something new (1 
participant agreed, 6 disagreed, and 1 strongly disagreed), I prefer to reduce the 
uncertainties associated with new things by researching and evaluating them closely (4 
participants agreed and 4 disagreed), I am traditional by nature (7 participants disagreed 
to strongly disagreed and 1 agreed), and I don't feel that I have to be the first to try 
something new in my professional or social life (2 participants strongly agreed, 3 agreed, 
2 were neutral, and 1 strongly disagreed).  
 In this section of the survey, the responses were mixed between experts and 
proficient users of technology. The expert professors though said that they would be the 
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first to adopt or try something new, they also responded that they would stop using 
something if they didn’t like it. Proficient professors chose between strongly agree to 
agree that they would be more cautious and thoughtful using new technologies and would 
stop using them if they didn’t like them. See question eight table and graph in 
Appendix E. 
Frequency of Use of Educational technologies 
In question nine, responses from all eight participants were examined 
regarding the frequency of educational technology uses. The Likert scale important to very 
important was combined to show frequency of use educational technologies. The Likert 
scale neutral to not applicable as an indication that the technologies were used with less 
frequency or not at all. The factors in question seven were divided into two main 
categories such as classroom technologies and online or web based technologies. For the 
classroom technologies, all eight participants responded that they used personal 
computers, projectors, sympodium (Smart podium), document cameras, audience response 
systems (clickers), MS PPT/Keynote, simulation software and/or lecture writing 
applications all the time. The classroom technology lecture capture Echo 360 was reported 
to be used by five participants in varying degrees of use from seldom, occasionally to 
almost all the time. For the other three participants, they responded never used to not 
applicable.  
The responses for the online or web-based technologies category such as created 
online course, designed online lectures and quizzes, used pre-packaged products, 
exchanged student written work online via email, Dropbox, designed online content, 
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enabled online collaborations, recorded online videos, synchronous or asynchronous 
forums, web based bulletin boards, and academic advising in virtual environments were 
split based on the participants current or previous experiences with the frequency of online 
or web based technology uses. Four of the participants reported seldom or never used to 
not applicable for all the online or web based technologies for their courses while the rest 
of the four participants reported occasional to often using of some of these technologies. 
The responses were also different based on the disciplines. Chemistry professors used 
some of the technologies almost all the time compared to Physics professors. The 
difference was more obvious between professors who identified themselves as experts and 
proficient users of technology. The expert professors used both classroom and online 
technologies almost all the time whereas proficient professors answered that they used 
classroom technologies almost all the time and rarely to not applicable for some of the 
online technologies. Below is the graph for question nine. See question nine table and 
graph in Appendix E. 
Question ten was open response box asking all participants if they wanted to add 
any additional comments regarding the frequency of use of educational technologies, 
there was no response entered by any of the participants. 
Pedagogical Activities with Educational Technologies 
In question eleven, the participants were asked to select all the appropriate 
responses regarding pedagogical activities for twelve or more educational technologies, 
classroom technologies, and online technologies. The most responses selected by all eight 
participants were for audience response systems (clickers): individual activities (5 
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participants), pair activities (1 participant), group activities (4 participants), critical 
thinking (8 participants), lecture or content presentation (6 participants), in-class pre and 
post content quiz (5 participants), before or after class content (Re)view (1 participants), 
and quiz or tests (3 participants). The participants reported zero use of ARS or clickers 
for teaching and learning activities such as content display and online discussion. For 
audio, podcasts, or mp3, participants selected critical thinking (1 participant), lecture or 
content presentation (2 participants), content display (1 participant), other teaching 
activities (1 participant), and 5 participants said that it was not used or not applicable. For 
videos or vodcasts, participants selected lecture or content presentation (2 participants), 
content display (1 participant), before or after class content (Re)view (1 participant), 
other teaching activities (1 participant), not used (1 participant) and 4 participants 
selected not applicable.  
 The most responses selected by all eight participants were also for the MS PPT or 
Keynote software. They also chose lecture or content presentation (8 participants) or 
content display (7 participants), in-class pre and post-content quiz (4 participants), before 
or after class content (re)view (2 participants), quiz or tests, group activity (2 
participants).  
 Participants selected lecture Capture Echo 360 – for Individual activities (1 
participant), group activities (1 participant), critical thinking (1 participant), lecture or 
content presentation (1 participant), content display (1 participant), in-class pre and post 
content quiz (1 participant), before or after class content (re)view (1 participant), and quiz 
or tests (1 participant). Only one to three participants answered the choices for 
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smartboards, pair activities (1 participant), group activities (2 participants), critical 
thinking (3 participants), and content display (3 participants).  
 Document camera was chosen by three participants for content display, the rest of 
the participants said that it was not used in any other activity or was not applicable. 
Sympodium was identified by a few participants in different activities - group activities 
(2 participants), critical thinking (2 participants), lecture or content presentation (6 
participants), content display (4 participants), in-class pre and post content quiz (1 
participant), before or after class content (re)view (1 participant), and quiz or tests (1 
participant). 
  A few participants said that they used Blackboard learning management system 
for content repository (4 participants), before or after class content (re)view (2 
participants), quiz or tests (2 participants), other teaching activities (2 participants). The 
online technology Piazza was only chosen for online discussion activity by all eight 
participants. They all said that it was not used for any other activity in their courses. Only 
one participant selected software for conceptual teaching with pair activities (1 
participant), group activities (1 participant) , critical thinking (1 participant), lecture or 
content presentation (1 participant), content display (1 participant), in-class pre and post 
content quiz (1 participant), before or after class content (re)view (1 participant), quiz or 
tests (1 participant), and other teaching activities (1 participant). For the software for 
simulations, participants   chose individual activities (1 participant), lecture or content 
presentation (3 participants), content display (3 participants), and other teaching activities 
(1 participant). Below is graph for the all the technologies and pedagogical activities. See 
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question eleven table and graph in appendix E. 
Question twelve was an open response box asking all participants if they wanted 
to add any additional comments regarding the pedagogical techniques used with 
educational technologies, there was no response entered or recorded by any of the 
participants. 
Qualitative Data - Analysis of Pre-observation Interviews, 
Observation Data, & Post-observation Interviews 
In an attempt to provide more information or detail to the survey responses in the 
first part of this study, interviews and classroom observations of the same university 
faculty members were conducted. After each faculty cohort submitted the faculty survey 
instrument (Appendix C), an email was sent to conduct pre-observations interviews, 
classroom observations, and post-observations interviews. Responses were received from 
the same university faculty member cohorts. Interviews and observations appointments 
were arranged with each faculty of the eight faculty members through emails and in-person 
meetings. 
The purposeful sampling brought together seven males and one female with four 
representatives from the Chemistry department and four participants from the Physics 
department in the College of Arts & Sciences at a New England university. Their 
academic ranks ranged from full-time tenured professors to lecturer, instructors, and 
teaching post-docs (3 tenured professors, 1 non-tenured and 1 assistant professor, 2 full-
time instructors or lectures, and 1 teaching fellow post-doc). 
All of the interviews were conducted in the faculty members’ university offices. 
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Permission was obtained for digital recording prior to the start of the pre-observation 
interviews and post- observation interviews. Using the faculty interview protocols 
(Appendix D), the researcher followed the interview questions in a linear order with 
additional probing questions or emergent questions inserted as needed or as arose during 
the pre-observations and post-observations interviews. The interviewees provided in-
depth responses and each interview lasted approximately thirty-five to forty-five minutes. 
The digitally recorded files were downloaded in a computer in an audio file format (mp3) 
and they were all transcribed into a MS word document. The MS document files were 
loaded into NVivo11 (Qualitative Analysis Software, 2015) as primary documents for 
qualitative analysis. 
For the classroom and online observations, the Using the faculty interview 
protocols (Appendix D) was used by the researcher in a consistent manner/order. The 
observations were conducted in two different lecture rooms. For the Physics cohort, three 
of the observations were done in a Studio Physics room that was newly designed with 
round table seating for nine students per table and nine tables in a large room.  The tables 
had three laptop computers that were shared by three students. The room also had newly 
installed interactive whiteboards on all sides of the walls of the room. The observation for 
the fourth Physics professor was done in an amphitheater designed lecture room.  
For the Chemistry cohort, all the observations were done in an amphitheater 
designed lecture room. The observations provided details of technology uses and 
pedagogical activities within each classroom observed for the teaching duration of a 
concept or topic (lasting for a period of six weeks). Each observation lasted 
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approximately two hours per classroom for three faculty members’ classes in the studio 
Physics room and one hour for another Physics professor during Fall 2013 semester in the 
amphitheater lecture room. For Chemistry cohort, the observations were all conducted in 
the amphitheater lecture rooms and they lasted one hour per lecture thrice a week for 
three professors and one and half hours twice a week for another professor in Spring 
2014 semester.  
The observations were hand written following the TPACK observation protocol 
and kept in six organized journals/notebooks with detailed memos. The notebooks were 
scanned and saved as PDFs in a PC computer. The observations were further analyzed 
and data was reduced to thematic analyses of the observed occurrences for each faculty 
members’ classrooms’ technology use and pedagogical activity. The analyzed data was 
then uploaded as PDFs into Nvivo11 (Qualitative Analysis Software, 2015) as primary 
documents for classroom observation analyses. Below is the observations coding steps 
chart. 
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Figure 4.1: Observation Coding Steps 
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Using the three theoretical frameworks in the study as a basis for coding, the 
interview documents and observation data were analyzed while trying to triangulate data 
findings from the survey, interviews, and observations. The research questions, the 
theoretical frameworks, the semi-structured interview questions, and the observation 
protocol all contributed to the analysis framework for the interviews and the 
observations. A code book was developed by coding with another coder and establishing 
a coding agreement by calculating the percentage of codes that the two coders had in 
common. The coding agreement was established at 78% for two coded interviews.  
Based on the initial coding agreement, the rest of the interviews were coded first 
using the coding agreement in MS Word doc and then with NVivo11. The thematic 
coding was done by disciplines, participants, levels of technology use, and expert faculty 
members vs. proficient/novice members. Emergent themes from the interview and 
observations were noted and further coded appropriately. By using the interpretational 
analyses approach (Patton, 2003), the interview data and the observations were examined 
iteratively to find evidence of categories and themes that could be used to describe and 
explain the research questions under study. Some forty initial codes were identified and 
used to categorize the relevant data. Ten main themes remained after collapsing the codes 
into categories or themes. The themes that emerged from the interviews and observations 
were: types and times of adoptions, reasons and patterns for adoption, supports and 
trainings, higher education faculty members’ characteristics, social and organizational 
factors, instructional design and delivery, technological knowledge, content knowledge 
and technological content knowledge (TCK), pedagogical knowledge and technological 
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pedagogical knowledge (TPK), & technological pedagogical and content knowledge 
(TPACK). Below is the interview data coding steps chart. 
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Figure 4.2: Interview Coding Steps 
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The interviews revealed the adoption stories, technology use, and perceptions of 
two cohorts of faculty members from two disciplines with a variety of years of teaching 
experience, and a variety of faculty ranks. The differences in the times of adoptions, 
technology uses and pedagogical activities were analyzed across the eight faculty 
members in the two disciplines, and finally across the expert professors and 
proficient/novice professors. The differences in adoptions, technology use and methods, 
design and delivery strategies, and specific types of technological tools comprised some 
of the statements made by the faculty members. Each theme is discussed in separate 
sections as below: 
Adoption Times & Types of Technology Adoptions 
 The theme concerning the types and times of adoptions by all faculty members 
throughout the pre-observation interviews data was viewed as linear in nature and of 
incremental additions. The technology adoptions occurred when educational technology 
was discovered by faculty members at a conference or were introduced on campus. One 
faculty member said that “…we were the early adopters of clickers… we started with 
PRS...In fact we bought kind of a class set of PRS clickers...this was 12 years ago...We 
heard about them in a conference…”, “Well it (adoption) sort of happened…you know 
incrementally…” Educational technology adoptions by type and time comprised one of 
the major categories. The dominant theme within types and times of adoptions was the 
need for change the way students acted and worked in their classrooms and many faculty 
members’ comments referred to a desire to use educational technology as an incentive for 
students to be active and be prepared for lectures, “…we wanted the students to have an 
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interaction...we wanted to engage the students...”, “…the main reason that we started...I 
started using all these online home works... clickers was that the students were not 
preparing for lectures...and to find a way to incentivize the lectures…” 
 Often these statements were directed toward particular types of technology, such 
as interactive audience response devices or systems (clickers) for in class questions 
sessions with the clickers or to increase student-to-student interactions or student to 
faculty interactions or to gather data regarding students performances during lectures. 
One faculty member indicated that “clickers allowed for us to teach differently.” Overall, 
faculty members that had more than ten years of experience in teaching were able to 
provide more information (a story) on how and when they adopted some of the 
technologies in their teaching. Expert professors provided very detailed explanations to 
the types and times of adoptions. In contrast, proficient or novice professors who had less 
than six years of teaching experience provided limited answers to the types and times of 
adoption. One of the reasons was that they joined the cohorts of “expert professors” who 
were already using some of the technologies for a few years. The proficient/novice 
faculty members said that they adopted “because they (expert professors) told me or them 
to use it…”  
 Perceived benefits for the type of technology adoptions by expert professors were 
stated in a variety of ways. Expert professors saw the educational technology use as a 
means for teaching effectively some of the concepts that they couldn’t explore before. 
For example, in the case of MS PowerPoint (PPT), experts didn’t see the benefit of 
teaching with PPT slides alone until they started using clickers and SmartPodium 
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annotation software. For one group of expert professors, MS PPT was “a linear and dead 
tool…” But PPT with clickers and SmartPodium was “a useful tool.” PPT became a tool 
that allowed “expert professors to make the lectures more interactive and be able to 
explain, write, and illustrate some of the concepts in different ways. Different types of 
adoptions only occurred when expert professors saw “a use for those technologies in 
multiple ways.” 
 Proficient and novice professors’ adoptions were based on how well the “expert” 
professors used the technologies. They learned the new technologies with their cohort 
professors and that it was not something they would have done on their own. As 
proficient/novice professors, their main concern was how to be part of the university 
teaching cohort and how to teach effectively while adopting different types of 
technologies at once. Their adoption processes were accelerated or time compressed 
compared to the expert professors. In the pre-observation interviews, their comments or 
responses were therefore limited as to when and how they adopted a certain technology. 
Most of their comments or answers were precise and short. They didn’t possess an 
adoption story or a prior history with the technologies. Their responses were “so and so 
asked me to use it and that’s why I am using it…I started teaching right away with some 
of these technologies with the other professors…”  These quotations explain the reasons 
why “proficient” professors had simpler or less elaborated answers of their technology 
adoption process.  
 Additional statements related to timeline of adoption were different for experts. 
They mentioned the number of years for the adoption of some of the technologies with 
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some approximate dates…”it was 12 years ago when I started using PRS clickers…” or 
“four years ago, I started using Blackboard and online home works…” These statements 
explained the technology adoption timeline and technology experiences of the expert 
professors. The proficient and novice professors didn’t have a specific time or a few 
years of adoptions. They summed up the time element for adoption as…”last year or this 
semester…” The predominant comments were that there were a bit overwhelmed as they 
were learning how to use the technologies and teach with them in their lectures. There 
seemed to be some concerns for the lack of time for exploration and discovery of the 
technology that the expert professors possessed…“they (experts) have been doing this for 
quite some time…”  
 Observations regarding technology adoptions were also made for the two faculty 
cohorts. In Fall 2013, the professors in Physics started using a the new undergraduate 
classroom “Studio Physics.” That room was designed with round tables and chairs. Each 
table had laptop computers for the students to work on their in-class activities and 
demonstrations. This room also had newly installed “interactive white boards.” The 
faculty adoptions for these technologies were interviewed and observed. Overall, faculty 
said that they were learning to use these Interactive boards this semester and that they had 
not used some of the software that was installed with the boards. The observations for 
interactive boards were limited to the studio Physics room only.  
During the observations, all professors used them consistently to display their MS 
PPT/Keynote slides, clicker questions and responses, and some PHET simulations. 
Expert professors would use it sometime to explain a concept or derive a formula, but it 
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was not used more than six times in the six weeks observation period. For student group 
work, two of the Physics professors would ask the students to use all the available spaces 
such as whiteboards, frosted glass walls, and interactive boards to work on a problem or 
solve an equation. Only five student groups were able to use the interactive boards to 
work on their assigned worksheet problems. The rest of the groups worked on the 
whiteboards and frosted glass walls. In the post-observation interviews, when asked if the 
professors had any training they said that they didn’t have the time to attend some of the 
meetings for the interactive boards. Expert professors said that they attended a few 
meetings in the studio Physics room when the interactive boards were being installed but 
didn’t clearly specify if they did some hands-on training and practice with the interactive 
boards. Other than that they all said that they had yet to learn how to use it effectively in 
their teaching.  
 For Chemistry professors, classroom technologies were observed during the 
lectures in undergraduate lecture halls. All technologies mentioned in the survey and in 
the pre-observation interviews were observed.  The novice professor’s technology 
adoptions were occurring during the Spring 2014 semester. It was also observed that 
classroom and online technologies were only used in the main lectures by the teaching 
faculty. In the course pre-laboratory lectures and discussion sessions/meetings, there were 
no technologies used when the observations were being conducted. 
Reasons & Patterns for Technology Adoptions 
 The theme regarding reasons and patterns of adoptions reflects the focus on the 
different technologies that the faculty members looked at or used in their teaching. In the 
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pre-observation interviews, differences existed between disciplines. Professors from 
Physics and Chemistry had various reasons to adopt certain technologies. Chemistry 
faculty cohort adopted technologies that were suitable to their teaching styles and the 
requirement of the course content. They said that “they adopted technologies when they 
could use them for something that they couldn’t do before.” They all adopted and started 
using MS PPT extensively only when they could use clickers for in-class questions. And 
when SmartPodium was introduced in the lecture rooms, Chemistry professors liked the 
way it could be used for annotations on MS PPT slides and clicker slides. Physics 
professors had different reasons and patterns for adopting certain technologies. Based on 
the course design, they adopted technologies that allowed them to be more interactive 
with students for example clickers and Web assign for pre-session flipped classroom. The 
professors used the data from the pre-sessions flipped classroom to determine how they 
would proceed with their class lectures such as ask a new clicker questions at the start of 
the lecture regarding the online content or explain the content with examples on MS 
PPT/Keynote. 
 Expert professors provided different reasons or patterns for adoption. Their main 
reason for adoptions was the functionality of the tool and how it could improve the 
overall teaching or interactions between faculty and students. If they perceived that the 
technology was going to help with teaching or solve some of their concerns regarding 
their teaching, they were willing to explore it. Also, if they found it to be useful or 
effective in ways they wanted to use it, they would adopt it. For example, when clickers 
were introduced the first time, professors “started incorporating one to two questions 
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during their lectures. Later with more experience, clickers became a source to collect 
regular data regarding students’ in-class performance, attendance, and participation 
grades and in-class assessments or quiz questions.”   
 Patterns of adoptions appeared to be similar for all expert professors. They 
adopted some of the technologies based on the technology’s functions. They started with 
the basic exploration of the function and simple use of some of the technologies. With 
time, they added other uses and explored more functions of each tools for teaching. For 
example, they said that with clickers “they would only ask one or two questions to make 
the class interactive…then they added quiz questions for class participations, one 
question at the start of the lecture for attendance… and changed the types of questions 
that would make the students think instead of responding instantly…” They expressed 
similar adoption patterns for MS PPT or Keynote software. They started using MS PPT 
or Keynote to show images of chemical reactions that they could not draw on the 
blackboard and then they started using more MS PPT for lectures once they could use the 
clicker software with them. When they started using SmartPodium for annotations, they 
started adding blank PPT slides to their lecture presentations to annotate formulas and 
explain the clicker answers in detail.  
 Throughout their adoption process, the expert professors were constantly thinking 
about how they could use the tool effectively to increase their teaching experiences and 
make the lectures more interactive for the students. It became evident from the pre-
observation interviews, the adoptions patterns occurred slowly and incrementally as the 
technologies were being introduced at the university or when the university lectures 
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rooms were updated or redesigned in the past five years or when expert professors 
discovered new technologies at some of the STEM conferences. For the expert 
professors, the adoption pattern started from a stand-alone technology like MS PPT that 
was later made into a combination of technology adoption like MS PPT, clickers, and 
SmartPodium. The pattern of technology combination suggested a natural progression or 
a technology adoption ladder that expert faculty members followed when they expanded 
their technological knowledge and adoption of technologies. 
 Proficient or novice professors had very rudimentary reasons or patterns for 
adoptions. They started using the technologies when they started teaching large 
undergraduate classes with other faculty members who were already using some of the 
technologies in their lectures. They could not provide any other reason for adoption 
except that they wanted to improve their teaching experience or make the lectures more 
interactive. They also had no linear or incremental patterns for adoptions. They expressed 
that they didn’t have any previous experience with some of the technologies or prior 
knowledge regarding the functionality of the tools.  Less experienced professors learnt 
about the technology and the function of that tool from their cohort professors and 
immediately started using some of these technologies. Their experience was the 
immediate or sudden use for all the technologies together. They did not possess an usual 
adoption progression or a technology adoption ladder that the expert professors had 
acquired over a period of time. They commented that they mostly learned how to use the 
technologies with one of the expert professors in their groups….”one of the professors 
showed me how to use them; clickers, PPT, and SmartPodium all together in the lecture 
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room where I am teaching…” Another professor said that “I learned it from Professor 
A…I was just told to use clickers…so I use clickers…” They also had limited or almost 
no experience with the exploration phase of each tool’s function. The proficient/novice 
professors’ common experiences were similar regarding the reason and patterns of 
adoptions. They all joined groups or cohorts of faculty members who were already 
experienced or veteran users of some of the educational technologies. 
 During the classroom and online observations, the patterns or reasons for 
adoptions were made for the two groups. In Fall 2013, the patterns of adoption for a new 
technology were observed in the Studio Physics room. Interactive boards were added to 
the combination of technologies like clickers, MS PPT/Keynote, and document camera 
that were already being used in the studio room. When asked in the post-observations 
interviews, about the interactive boards, the professors said that they were using them 
because they were in the room and also because of the design of the room. It allowed 
displaying the slides on all the four walls of the room and worked with the Studio Physics 
room design. Asked if they had looked at how they could use it differently to teach, they 
said that they had started to explore one of the software that were used with the 
interactive board but that they also needed more time to explore all the features of the 
interactive board software.  
Faculty Member Adopter and User Characteristics 
 The two faculty cohorts showed some differences in the way they commented and 
explained the adoptions and use of technologies in their lectures. The adopter 
characteristics of all faculty members showed some similarities and differences. From the 
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survey and pre-observation interviews, within each group, expert professors commented 
that they preferred to try something new on their own. All of them preferred to 
communicate outside of their own disciplines to learn more about updates/changes in 
their own disciplines, new technologies, and teaching methods. They mostly looked for 
experts within their own disciplines or fields. The expert professors were highly 
experienced and heavy users of technologies. They favored making their own decisions 
regarding the adoption of new technologies and how to use them for their lectures. They 
also had more knowledge about technologies, more experience with the design of their 
courses, and knew how to use them in their curriculum. They also had more experience 
with technology and content design for their MS PPTs, clickers, and online content. With 
incremental adoptions over the years, they had similarly developed a medium to 
advanced levels of pedagogical activities or methods for each technology. They were also 
more open to discussing their adoption trajectory over the years and the failures and 
successes with some of these technologies. 
 For the professors who self-identified themselves as proficient or novice 
professors in the use of educational technologies, they commented that they didn’t like to 
try something new on their own. They preferred that someone tell them how and when to 
use the technologies. They accepted authority or the expertise of another professor easily 
especially regarding the use of technology. They liked to follow the opinions of other 
faculty members within their departments. All of them preferred to communicate within 
their own groups to learn about updates/changes in their own fields, new technologies, 
and new pedagogies. They mostly looked up to the experts within their departments or 
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their groups that they were familiar with. The proficient/novice professors were not 
experienced in teaching with technology and identified themselves as early users of 
technologies. Three of the professors said that they had less than six years of teaching 
experience and not that much teaching experience with technology, content writing and 
design with MS PPT, and no experience in the use of online technologies. With a 
compressed adoption pattern, they said that they had not developed sufficient levels of 
proficiency or expertise in the pedagogical design for each technology. 
 During the pre-interview and observations, it was noted that one cohort of 
professors was sharing more about their successes and concerns after each lecture via 
emails and during their weekly faculty meetings. The observations were based on the face 
to face communications among the expert and proficient/novice professors, on how they 
shared their concerns regarding a lecture MS PPT and its content, how they listened to 
each other’s suggestions and feedback, how they negotiated and problem solved some of 
their concerns regarding the delivery of their class presentations. The other group of 
professors also met weekly and sent emails to each other during the period of 
observations. Their face-to-face exchanges were mostly administrative in nature 
regarding students’ missing grades or grading the tests or quiz for the semester. During 
these meetings, no verbal exchanges of content design or re-design, technology concerns 
or pedagogical questions were observed. 
 In-class observations showed that professors who had self-reported to be 
innovators and experts made effective use of the combination of technologies and their 
advanced features than the professors that self-reported to be either early adopters or 
	
	
	
116 
early majority and proficient in the use of technologies. From the classroom observations, 
proficient professors were able to use one single classroom technology more efficiently 
than the combination of technologies like document camera, sympodium, and lectern.    
Social, Professional, & Institutional influences for Adoptions 
 During the pre-observation interviews, observations, and post-observation 
interviews of all the eight professors, it was clear that one of the factors that was 
important for these professors were professional and social interactions within each 
discipline. Generally, professors from the two cohorts met once a week. In the Chemistry 
professor group meetings, the faculty shared some of their concerns regarding the weekly 
lectures. During the discussions, the interactions among the professors were observed 
especially concerning the use of technologies during the lectures or online portion of each 
course section. Expert professors interacted more with other expert faculty members 
within their groups. Their discussions were on how to keep teaching a particular topic for 
that week’s lecture and how to keep building the “story that they were trying to convey to 
the students.”   
 During the observations, it was observed that proficient professors would 
generally follow the suggestions of the professors who were designing lectures with MS 
PPT/Keynote slides. When asked in the post-observation interviews, one expert professor 
said that they normally discussed the weekly changes during the meetings and the 
discussions allowed them to build their lectures and the activities. Proficient professors 
preferred to follow the lecture slides and all the suggestions with little input in the content 
design, clicker questions and online content distribution. When asked why they didn’t 
	
	
	
117 
provide any suggestions they said that it was their first time teaching and they were 
learning with the lead professors. 
 Expert professors said that they also liked to interact with professors from 
“outside their cohorts and with subject matter or STEM curriculum experts in their 
respective disciplines.” These interactions among faculty members allowed them to learn 
“how to teach…how to present content in Chemistry” and use technologies based on how 
“favorable their peers’ experiences were.” While commenting on their technology 
expertise, expert faculty members professionally placed themselves as the leaders in 
educational technology use at the university as they mentioned “that they were part of the 
professors who did the early presentations on the use of clickers at the university level.” 
They also expressed that university professors “were independent by nature and liked to 
work on their own.” Regarding institutional influences, they mentioned that if the 
educational technology introduced by the university was something they would be 
interested in, they would independently explore it and try it. But if they were not 
interested or if it didn’t seem to fit into their teaching methods, they would not consider 
it. Within their cohorts, they mostly tried to support and encourage each other when 
trying new technologies. They were not concerned about formal recognition from the 
institution for using technology but they wanted to be considered more as “exemplary 
leaders of technology use.” 
 Proficient professors interacted more with faculty members from “within their 
teaching cohorts and with expert professors in their specific disciplines.” Their 
technology adoptions and use were based on how “favorable the practices of the 
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experienced professors were.” They placed themselves as early users of technology. They 
also expressed that as they had recently started to teach large undergraduate classes with 
other professors “and they were dependent on their group members to learn how to teach 
in general and how to teach with technologies.” Regarding institutional influences, they 
mentioned that if the educational technology were being used by “their cohort professors, 
they would use it.” If not, they were reluctant to start something new. They were 
dependent on the support and encouragement of other faculty members when trying new 
technologies. The proficient/novice professors were not concerned by institutional 
recognition for using technology. In fact, they expressed that they would not use “all of 
these technologies” if they were not teaching large undergraduate classes in a cohort.  
Technology Support & Trainings 
 One of the categories that were coded was types of technology support and 
trainings. The comments for support and trainings were similar for the two teaching 
cohorts. All eight professors in Chemistry and Physics said that they were dependent on 
outside experts in their disciplines who were leading the way in STEM teaching. They 
made references or provided names of professors from outside of the university, “experts 
in the field of Chemistry and Physics” who were “considered pioneers or leaders” in 
teaching sciences to the undergraduate classes, or “famous STEM book and curriculum 
writers.”  
 When the data were further analyzed, the statements for support and trainings 
were different for expert professors and proficient/novice professors. In most of the 
comments, expert professors said that when faculty members adopted and implemented 
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technologies they depended on each other. They said that they met with other faculty 
members from within the university or in other universities to learn, try, and test new 
technologies and new ideas. In the comments, they explained “how it (the 
support/training) happened” and “faculty who helped them/supported them.” Expert 
faculty members had similar comments concerning “how they looked for technology 
support and trainings with other faculty members at the university level.” One of the 
expert professors said that he learned about how to use lecture capture Echo 360 with 
SmartPodium with another professor from another department. 
“That’s when I learned about…okay…smartpodium…but apparently not many 
people were using it so much…or didn’t know about it…but one of them did…a 
professor from Chemistry…and he told about smartpodium…I observed his 
classes last year…he had a lot of  MS PPTs slides…he had plain slides…he 
would add a plain slide and then he would start doing the derivations and because 
it was lecture captured…it was being recorded at the same time so the students 
after class could…be able to see how the professor….you know…he 
did…explained…” 
 
 Expert professors tried “to seek help for different technologies by asking their 
peers first.” They would readily ask for ideas on how to start using a technology and how 
could they implement it in their own classes. One thing that came out of the interviews 
was that “they didn’t seek for professional support or training until they had to. Most of 
them said that “they didn’t attend institutional meetings” and “they didn’t attend a lot of 
trainings.” The reasons were that “the training times didn’t coincide with their teaching 
schedules” or that “they were busy with other meetings, conference travels, and research 
priorities.” They also said that the university trainings were not sufficient for their own 
specific use or purpose especially in their particular courses. They needed more 
information than just how to use the technology itself; they were looking for how they 
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could use it effectively in their lectures or in their courses in general. 
 Proficient/novice professors who started teaching large undergraduate courses 
with other faculty members, said that they tried to learn “on the spot” with their “teaching 
groups.” They learned how to “use the technology and how to teach with it as they started 
teaching.” Their support and trainings came from within their own teaching cohorts. They 
would seek help from one of “the professors who were available or ready to provide a 
continuous support if they had any questions.” One of the interviewee said that “I asked 
Dr. D. and he showed me how to use it….he showed me in the lecture room…how to use 
lectern…SmartPodium…how to add blank slides on the MS PPT…” 
 In the post-observation interviews, when asked if they needed more support and 
training regarding the use of certain technologies, professors in general responded that 
they didn’t have time to attend some of the trainings because the training times would 
sometimes clash with their work schedules. The schedule for university trainings and 
support were something they said they would like to improve or change.  
 One observation was done regarding an informal training session for the use of 
sympodium in the lecture room. During Spring 2014 semester, one of the faculty member 
showed the teaching faculty how to set up Echo 360 lecture capture, how to add empty or 
new PPT slides with SmartPodium, and how to annotate on the empty slides when 
explaining some of the chemical equations. When asked about the “informal sympodium 
training” in the post-observation interview, the teaching faculty explained that “he didn’t 
have the time to go to the trainings this year because he was teaching during all the 
scheduled trainings at the university.” Similar observations were made with the use of 
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interactive white boards, faculty members in general didn’t have the time to explore the 
Interactive technology or attend formal trainings and they said that they were learning to 
use the interactive boards “as they learnt to use them more and more in their classes.” 
Design & Delivery of Teaching and Learning Environments 
 
In the pre-observation interviews and course observations, professors gave many 
comments concerning the design and delivery of classroom lectures and teaching methods, 
online sessions, and online content. They also remarked on how technology assisted in the 
delivery of online content or how classroom lecture delivery changed with technology. 
The interview data provided some insights into how the two cohorts designed and 
delivered their content and lectures. The two cohorts had their own design and delivery 
methods. The differences were based on how the faculty members wanted to deliver the 
before lecture video lessons with questions or pre-sessions, online content, post-lecture 
lessons and content delivery. Physics cohort design was based on how to create effective pre-
sessions for students to prepare for class. The pre-sessions’ students data allowed faculty 
members to prepare for the class lectures and “ modify 10% of the MS PPT lecture slides” 
either to review the students’ responses in class or to clarify any misconceptions.  
Chemistry professors had different design and delivery method for the delivery of 
content. They had online PDFs for lecture preparations, lecture captured lessons from 
previous years for that course, and ALEKS intelligent tutoring system for Chemistry. The 
distribution of content had different learning purposes. ALEKS was to make all students go 
through similar knowledge regarding the undergraduate Chemistry coursework. The students 
worked by themselves and the results were available for the professors to assess if the 
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students were completing the assigned online concepts. PDFs and Echo360 lectures were to 
help students prepare for the face-to-face lectures. The design and delivery of content 
distribution was intentional. All of the professors had remarked that “the students were not 
preparing for lectures” and one expert faculty member stated that, “the design of the course 
is on purpose…we want the students to see the information or content multiple 
times…before class, during class lectures, and after class…” 
From the interview comments, there were differences in how expert professors and 
proficient professors thought about the design and delivery of teaching and learning 
environments. For the classroom lectures, there were multiple references to clickers (ARS) 
with MS PPT/Keynote as one of the teaching and learning methods used for the delivery of 
classroom lectures. All eight interviewees (expert and proficient/novice professors) 
mentioned the use of these technologies extensively. Differences existed between disciplines 
such as one faculty group (four Chemistry professors) used SmartPodium a lot with clickers 
and MS PPT/Keynote. The face-to-face lecture delivery methods differed from the Physics 
professors group due to the need of writing chemical reactions, equations, and derivations 
with detailed explanations on the SmartPodium annotation technology.  
For the online components, the expert professors used various technologies to 
deliver classroom syllabi, general course information, lecture content, links to intelligent 
tutoring systems, online home works, and online videos (as pre-sessions or recorded 
lectures). Expert professors used different technologies either to design and deliver the 
teaching and learning environments, or to use pre-packaged websites or online programs. 
They used the learning management system Blackboard to deliver course information and 
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grades. Web Assign online technology was used by one faculty group to deliver online 
pre-session videos with quiz questions and online homework. Another faculty cohort 
used an online intelligent tutoring system ALEKS to bring all the undergraduate students 
to the same knowledge level regarding chemistry. This intelligent tutoring system 
allowed the faculty to select topics that they wanted the students to be proficient in and 
prepare for the lectures.  
Online discussion tool Piazza was used as an online discussion tool for student to 
student interactions on weekly homework solutions and for professors to deliver important 
information and updates regarding the weekly lectures or online course. It was mostly 
used as an online “source of communication where students worked on the homework 
problems and tried to help each other with possible ways to solve them.”  One 
interviewee stated the classroom technologies have a different function than the online 
technologies that they used for their courses.  “In the classroom, we want the students to 
be involved with the lecture and the clicker questions….online technologies like ALEKS 
is for the students to work on their own…and fill any knowledge gaps they have about 
Chemistry…ALEKS makes the students ready for lecture…and any previous information 
that they needed to know for the lectures”. Another professor said that for the face-to-
face meetings “he tried to give lectures…in a way that he wanted to develop a story 
where students interacted with the professor and the information that was being 
provided…” Another web based simulation software PHET was also mentioned in the 
interviews and it was used during class time as a means to help students visualize 
complex information regarding Physics concepts. 
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 During the observations regarding the design and delivery of different 
technologies, there were differences between the two faculty cohorts in how they used 
different classroom and online technologies in synergy “to deliver and develop different 
teaching and learning activities.” Professors in Physics used pre-sessions that included 
videos on the content or concept for that day’s lecture and related questions before the 
start of each lecture. The pre-sessions allowed all professors to assess how much they 
students understood and learnt from the pre-sessions. When asked after the observations, 
how the pre-sessions helped the faculty members, they said that “they didn’t have to 
explain or define the basic concepts” and it allowed them to work on in-class problems 
and questions that explored the students’ understanding (or misunderstanding) of the 
concept. They also said that the “pre-sessions helped the students to prepare for lectures,” 
and allowed the professors to revise part of the lectures based on the students’ responses. 
If the students had trouble with the pre-session lesson, then the professor would modify 
the start of the lecture and review either the concept or the problems, and the questions by 
starting the class with oral questions or clicker questions. Another professor said that he 
would review the results based on what they had to do that day; the pre-session review 
could be covered at the start of class or in the middle of a lesson before they started a new 
concept. One other professor said that “he would modify 10% of his lecture slides based 
on the students’ result in the pre-sessions.”  
 The Chemistry faculty said that they provided the students with multiple options 
to cover or go over the content by themselves, in their own time and their own pace. They 
provided students with ALEKS, previously recorded lecture on ECHO 360, online PDFs 
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with questions/solutions to prepare before or after the lectures. They wanted the students 
to come prepared for the lectures and then be able to review the lecture content on their 
own and at their own pace. 
Faculty Members’ Technological Knowledge (TK) 
 The data revealed that overall faculty members were very familiar with the ways 
educational technologies could be used by them and by students during the face to face 
lectures and in online learning. They all used technologies to increase professor-student 
exchanges and student-student interactions during the lectures and online. One professor 
commented that one of the significant factors that improved their use of technology was 
how that particular technology was considered to “be more effective at getting the 
students to interact in class and online…and learn the material.” 
 Expert professors said that “when adopting a technology, they would look for a 
few functions that would allow them to use that technology in their courses, and how 
effective it would be in increasing student preparation, interaction, and participation.” For 
example, one faculty member said that for each technology, “they all (the cohort) looked 
at the ways they could change either their teaching experience or increase student 
interactivity...”  Knowledge regarding what the technology could do or not do, helped 
them to slowly make simple and incremental changes in their face-to-face lectures and 
online portion of the course. For example, they said that when they started using early 
versions of clickers (PRS system), they wanted “the students to be able to respond to in-
class questions…”  
 With time, they learnt how the clickers could be used to take attendance, increase 
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student participation with grades or without grades, have different types of questions and 
activities. Some questions would be “to check if the students had read the required 
materials” and “prepared for the lecture…or in-class review questions or quiz for 
students…”  They also added technologies where they wanted students to work online 
before each lecture. These included intelligent tutoring systems like ALEKS, Web Assign 
homework, or pre-sessions videos. In the early years of adoptions, expert professors 
explored some of the basic features of each technology but with time as they become 
more technologically savvy or their technology skills developed, they started to do more 
in-depth exploration so as to align their content and teaching and learning objectives with 
each technology. Professors also started designing and providing multiple ways “the 
students could have access to lecture notes, study guides, and review materials.” Faculty 
members also indicated they added the online homework and online quizzes as they 
started re-designing how to use videos for the pre-sessions. The pre-sessions allowed the 
students to “view or learn the content before each lecture with videos and 
question/answers.” 
 When asked about a technology and its main function, possible uses in the 
lectures, possible content design and delivery, and shortcomings, expert professors 
responded with some ways the technology was currently being used in teaching. They 
knew the main functions (what were the possible technology features), also described its 
shortcomings and some of the possible delivery and design methods for teaching and 
learning. They were also able to explain why they adopted the online technologies like 
ALEKS, Echo 360 lecture capture, Web assign, and Piazza. The expert professors were 
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also able to provide great detail about the use of each online technology in their courses.   
 Proficient professors’ technological knowledge statements were different. Due to 
their limited experience with some of the technologies, their technological knowledge 
was based on how well their cohorts were using and teaching with some of the 
technologies. For example in the case of clickers, they said that “they used some of them 
(clickers) the way their peers designed them to use in the lectures.” They said that “all the 
clicker questions were already integrated in the MS PPT/Keynote slides when they 
receive them...” Their comments were limited in the ways the different technology could 
be used and how it could be effectively used in teaching and learning. One faculty said 
that “s/he had to learn it…but that it was a bit overwhelming as s/he had to learn the 
teaching materials first.”  
 When asked about each technology and its main function, possible uses in the 
lectures, content design and delivery with some of the technologies, and their constraints, 
proficient professors responded with basic uses or simple ways each of the technology 
could be used in teaching. They didn’t know some of the main functions (what were the 
possible features), and also they couldn’t describe some of their shortcomings. They also 
said that they had very limited or no experience with the online technologies like 
ALEKS, Echo 360 lecture capture, Web assign, and Piazza. They knew how they were 
being incorporated into the undergraduate courses but they didn’t have any direct 
experience designing with them. 
 During the observations, the use of clickers was observed in the Physics and 
Chemistry lectures. In Fall 2013, in the Studio Physics room, the professors in Physics 
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used clickers to create teacher student interactions and student-to-student interactions. 
They had work sheets that had the clicker questions marked as one circle meaning that 
the first time responses were individual answers. The three circles meant that the students 
could discuss the answer choices with their neighbors and then send the response. The 
professors used the clickers the same way for all the lectures observed. During the 
response time, professors would move from table to table and either listen to the 
discussions or discuss with students the possible choices. Students were also familiar 
with the one circle and three circles clicker prompts. The professors would then make a 
decision based on the results of the clicker answer slide. If the answers were split, then he 
would re-poll the question and ask the students to discuss with their neighbors about the 
answers. With the new responses, the professors would explain the answer choices and 
reinforce the correct solution with MS PPT/Keynote slides that further elaborated on the 
concept and activity.   
 Expert professors spent more time with the clicker questions and took their time 
explaining the answers, or the concept. The proficient professors’ clicker activities were 
observed as well and there were a few differences that were seen. One faculty didn’t use 
the individual clicker activity. He directly asked the students to respond to the group 
questions and discuss while responding to the clicker questions. It was observed that the 
duration of the clicker activity was shortened by a few minutes. The clicker question 
sessions were a bit faster and the student-professor interactions were rarely seen because 
there were no individual clicker response activities. When asked in the post-observations 
interview why there was only the group clicker question, he responded that “…he didn’t 
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do that…the students worked better when they discuss the answers…” 
Faculty members’ Content Knowledge (CK) and 
Technological Content Knowledge (TCK) 
 Faculty members in all groups communicated their expertise in the content they 
were teaching in their particular disciplines. The differences were observed in how they 
distributed the content or course materials for the students’ learning in their courses. They 
all knew the type of content they wanted the students to prepare for the classroom 
lectures and online learning. Chemistry professors had a university web page with all the 
requirements for first year chemistry. On the web page they had the links for the class 
syllabus, class lectures PDFs and notes, previous years ECHO360 lectures, and previous 
years’ class lecture content. This was mostly maintained and updated by the expert 
professors.   
 During the observation weeks, it was observed that all faculty members prepared 
well for the face-to-face teaching content in Chemistry. They discussed each part of the 
lecture and what was to be added and how it was going to be introduced and what types 
of questions/activities were going to be on the MS PPT slides. They would discuss in 
great details the topics and how they wanted the students to work during the lectures, in 
pre-lab lectures, the discussion sections, and online. Expert professors lead the 
discussions and the proficient/novice professors would follow the discussions silently or 
with some questions regarding the teaching content. When asked why certain content was 
taught in the lectures and some parts were distributed for self-learning or in other parts of 
the course (like pre-lab and discussion sections). The professors said that they could not 
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teach all the pre-requisite ideas/concepts in the lectures and “that all students that came to 
Chemistry didn’t have the same knowledge base prior to this course from their high 
schools…the students needed to see some of the concepts a few times before they 
become proficient in the concept…lectures didn’t have that kind of time for the 
students…”  
 To fill the knowledge gaps of first year Chemistry undergraduate students, 
professors had to provide “…the online learning systems for the students” and “extra 
content choices so students can be prepared for class…” The online self-learning content 
was introduced as a compulsory component for their final grades so that all students were 
required to “complete the online learning units as part of their course grade….and this 
allowed all students to be ready for lectures, pre-lab lectures, and discussion sessions”  
 In the post-observation interviews, when asked about how they were using some 
of the technology for Chemistry course, the proficient/novice professors said that the lead 
or expert professors were the designers and they knew how to use the online 
technologies. When asked what the purpose of the online technology Piazza was in the 
course, they said that it was an online homework discussion board and support for 
students. They said that “the students are supposed to help each other to solve the 
homework questions.” With the clickers, they said that the questions were designed to 
help the students think and analyze the content/concepts as they were going through the 
lectures. From the interviews and the observations, it was observed that Chemistry had a 
hybrid and distributed content design. The purpose of the use of technology with different 
content was to provide students with several opportunities for learning on their own time, 
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their own pace, and provide multiple possibilities for review/revision. 
 The distribution of content was different for the Physics teaching cohort. They 
had a different design regarding the classroom and online content. They had e-books for 
students on WebAssign. WebAssign is an online instructional system to enrich the 
teaching and learning experience of professors and students. WebAssign provides 
extensive content, instant assessment, and content support. Physics professors had their 
book links on Web Assign, the pre-sessions with online videos and online questions, and 
homework assignments. When asked why they had this particular distributed design for 
Physics content, they said that the purpose was “to have the students learn some of the 
concepts online before each class…” One of the professors said that because of the “pre-
sessions they don’t spend class time defining concepts…they spend time exploring the 
concept…analyzing the concept…working with questions on the concept.” 
All of the expert professors also knew the type of content they wanted the 
students to prepare from for the classroom lectures and online learning. The technology 
choices and design was to allow students to have access to content all the time and the 
students could review or prepare for lectures on their own before class. When asked who 
the lead designer of this content design and distribution was, one of the proficient 
professors said that “…oh I am not involved…it is Professor such and such who is in 
charge of that…” From the content design data of each cohort, it was clear that expert 
professors were the lead designers and knew how they wanted their students to study and 
prepare for before each lecture, during lecture, and after lecture. 
 
	
	
	
132 
Faculty members’ Pedagogical Knowledge (PK) and 
Technological Pedagogical Knowledge (TPK) 
 When asked about if they had used any of the teaching and learning exercises or 
activities before the technologies, all eight professors said they had not. One professor 
said that “before technology he would lecture…he would talk and he wouldn’t know if 
the students were…um…understanding the material…” Before the technologies, they had 
no pedagogical design. When asked if they could provide the names or the techniques 
that they were currently using in their lectures or online, some of the professors said that 
they didn’t remember or didn’t know the exact name of some of the teaching activities. 
From the interviews, they stated that they didn’t have the “know-how like” like an expert 
in pedagogy. When asked how they prepared the teaching and learning sessions, faculty 
members in the two cohorts communicated their “technological pedagogical knowledge” 
in different ways.  
 Based on their respective discipline, they said that they used different teaching 
and learning strategies with technologies and it differed for the content that they were 
teaching in their particular courses. The differences between the two groups were obvious 
in how they distributed the pre-lecture videos or course materials for the students in their 
classes. They also knew what type of questions and activities they wanted the students to 
do before classes so that they could come prepared to the lectures and what learning 
activities they wanted the students to do in-class and what type of homework questions 
the professors wanted the students to continue working after the lectures. When asked to 
provide a name to the pre-session videos, one of the professors said that “he knew it…it 
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was called…but he didn’t remember the name…” When asked if they read any journal 
papers regarding the teaching methods used in STEM teaching, only one professor said 
that “he did read the Physics education papers.” Other professors said that they learnt 
from other professors or experts in their fields as they co-taught undergraduate classes.  
 During the classroom observation of Chemistry lectures, the technological 
pedagogical design was different. Chemistry lectures started with ECHO 360 lecture 
capture recordings. The first MS PPT/Keynote slide the professors had was a clicker 
question. They took the attendance while students settled down. The question would also 
be either a review question of the previous lecture or a question regarding the reading 
material. As the students settled down, the professor would show the answer slide and 
review the responses. The professors either re-polled the question if the answers were not 
correct and the professors repeated the information that was required to consider for the 
clicker question. If the responses were not clear, the professors would start to annotate on 
the answer MS PPT slide on the SmartPodium while explaining the possible ways “to 
think about responses” on the clicker answer slide. As they developed the explanations, 
they added a few empty slides, started the derivations for the possible answer choices, 
and eliminated the wrong answers.  
 After the clicker question, they introduced a student activity slide and asked the 
students to think about how to draw a graph or qualitatively develop an answer. During 
this activity, professors moved around the lecture hall, discussed with the students, 
looked at the students’ graphs or drawings, and the possible ways the students were 
developing the answers for the activity. Back at the SmartPodium, the professors 
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explained to the students on how to think about the qualitative drawing, the graph, and 
how to draw the graph by thinking about the chemical equation. While annotating, the 
professors would explain to the students, how they looked at the question and the 
information they needed to calculate or draw the graph. At the SmartPodium, they talked 
loudly to explain their thinking “this how I would think about this graph…the sort of 
calculations I would need to draw the graph.” After the explanations, professors would 
ask a series of clicker questions. They would tell the students they could discuss the 
answer choices with their neighbors as they responded. It was observed that on an 
average, Chemistry professors spent twelve to fifteen minutes for each activity or clicker 
question explanation followed by another series of clicker questions with student to 
student discussions or professor student discussions, display the clicker answers, and then 
do the explanations or clarifications by annotating on the Smartpodium.  
 All professors followed the same pattern for the lectures except for one 
proficient/novice professor who struggled to follow the lecture design. It was observed 
one time that he had technology issues with the Smartpodium while teaching and 
struggled with the annotation software. The explanations were stopped as the software 
system was rebooted. The faculty didn’t request technical support and tried to problem 
solve the issue on his own.  
Faculty members’ Technological Pedagogical and Content Knowledge (TPACK) 
 Regarding the statements on the theme “technological pedagogical and content 
knowledge,” faculty members in the two groups communicated their technological 
pedagogical and content knowledge (TPACK) in different ways. The major examples 
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were in the lectures when professors used different pedagogies, content, and technologies 
to start a teaching and learning activity.  
 During the observations in Chemistry lectures, the professors used one activity 
that was modeling analytical skills. During a one fifty or fifty-five minutes lecture, the 
professors would start with a clicker question and allowed the students to respond. Based 
on the clicker responses, the professors would annotate on the MS PPT slides using the 
SmartPodium software to explain or show the correct answers by analyzing the clicker 
answers, graphs, charts, or by explaining on empty MS PPT/Keynote slides. The expert 
professors added the slides “on the go” as needed with the SmartPodium software or did 
“just-in-time” changes as required. While the professors explained, they made sure 
students took notes and followed the explanations as well. The professors would then ask 
the students to copy the visual explanations from the MS PPT slides and they would 
further ask them to do the following three steps: verbally (by explaining) and visually (by 
writing on slides) model the analysis, ask the students to practice it with a new clicker 
question, discuss it with their neighbors, and then provide further feedback on how to 
think about the questions and their responses. The professors would then walk around the 
lecture hall and see how the students modeled the analysis and did the practice activity. 
The professors would give verbal feedback to the students on how they had to think about 
the solution or the graph. The professors would walk back to the SmartPodium.  
 Based on his/her observations (by walking around), he would continue modeling 
the analytical skills with more developed explanations on how they students were 
supposed to think about the activity by explaining the solution to the activity on a few 
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empty MS PPT slides by drawing a graph or by writing the equations with the stylus. 
This explanation would follow with a clicker question or series of clicker questions.  
During the one fifty-five minutes lecture, the modeling the analysis activity would be 
done in a series of three to four activities that were interspaced by ten to twelve minutes 
of difference. The activity had two parts: start with a clicker question and ask the students 
to respond. Based on the responses, the professors would either continue with more 
clicker questions to make sure that the students’ responses were based on analytical 
thinking and they understood the Chemistry lecture content. If they responses were 
incorrect, the professors would then model the way they wanted the students to think 
about the answers by calculating the equations or by qualitatively analyzing the answers 
with drawings or graphs. They would ask the students to think in different ways: 1) by 
making a graph or 2) a drawing while thinking about the possible answer choices. The 
professors would then verbally model exactly their thinking or their analyses on empty 
PPT slides with the SmartPodium software and stylus. The entire explanation was also 
being captured with Echo360 lecture capture so that the students could re-visit the 
activity and the explanations as many times as they wanted or before the next class or a 
test/quiz. 
 The teaching and learning techniques used were similar in all Chemistry classes. 
The difference was seen in how the novice teacher did the modeling activities. In the 
observed classes, the novice teacher had difficulty with trying to integrate all the 
technologies and pedagogical activities with his modeling analysis skills. The 
observations showed that it was difficult for a new professor to simultaneous teach and 
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model the analytical skills with all the technologies combined. It was also observed that 
the activities were accelerated and modeling analysis skill (verbal or written 
explanations) was not as developed as those of the expert or proficient professors. When 
asked in the post-observation interviews, why the pedagogical and technology integration 
were tricky, the novice professor “that this was all new for me…I had never taught with 
so many technologies together…and the content was also something new as the other 
professors were developing the MS PPT lessons…” This showed that novice professors 
needed more time to use the technologies and design the lectures with some of these 
technologies.  
 In the Studio Physics room, the professors used the “peer instruction” by 
designing clicker questions with each new topic or sub topic. The activity would start 
with a review of the pre-session questions (online videos) at the start of the class. The 
professor would discuss the results and ask if they had any questions. If they students 
didn’t do well in the pre-sessions or flipped model of the lecture, the lecture would start 
by revisiting the content in the video and discuss the possible answers. They would then 
have a peer instruction session where the professors would ask a clicker question and ask 
the students to work on the response by themselves on their worksheets and send the 
responses via the clickers. The professor would display the responses on the MS PPT 
/Keynote slide as a graph. If the answers were not correct for more than 60% of the 
students and the professor would then ask the students to discuss with other students near 
them that had a different answer. The students would get busy discussing with other 
students while the professor would move from one group to another group and listen to 
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their discussions. Sometimes the professors would sit down with one of the student 
groups and discuss with them the answer choices. The students would then send the 
responses again and the professor would display the answer as a graph. The professors 
would further explain the questions with more MS PPT/Keynote examples and 
explanations. The professors would also model the problem solving skill by loudly 
explaining the way they (the professors) would think about the answers. They would 
show how to solve the problem or equation on “pre-ready” MS PPT/Keynote slides to 
further reinforce the verbal explanations. Sometimes, the professors would do a scientific 
demonstration with some laboratory equipment to further provide proof of concept for 
that activity. They would refer back to the content topic and the clicker questions 
throughout the lecture, inviting students to think in analytical ways about the Physics 
concept.  
 In the physics lectures, the “peer instruction” activities with the content and 
technologies were used to interact with the students and solicit student responses and 
feedback. The expert professors took their time with the student responses and allowed 
the students to think individually about the answer choices (an average of 45 seconds to 1 
minute) and then followed with the student-to-student interactions where they discussed 
with their peers and sent their responses simultaneously using the clickers. The time spent 
on that part of the activity was between one and half minutes to two minutes per clicker 
question. It was observed that the students had the time to re-assess their responses, write 
down the possible equations or derivations on their work sheets and then send the 
answers with their clickers when they had discussed with their peers.  The proficient 
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professors didn’t spend that much time on the peer instruction activities (first clicker 
responses were collected very fast at an average of 30 seconds). It was also observed that 
they sometimes skipped the first step of the activity where the students worked alone on 
their worksheets and looked at the possible clicker responses on their own. When the 
student responses were split between correct and other choices, the proficient professors 
preferred to lecture and they spent more time lecturing about the answers then the expert 
professors. They tended to walk quickly to one of the whiteboards in the Studio Physics 
room to explain the answer choices or the mathematical derivations. The whiteboard 
would only be visible to half of the students in the room and the rest of the students were 
only able to listen to the explanations. In the post-observation interviews, when asked the 
questions why they didn’t completely follow the worksheet lesson plan that had the “peer 
instruction” steps of “one circle for individual activity and three circles for peer activity,” 
one of the professors said that “he didn’t think that the students were learning that 
much…,” he thought that “…they prefer that the professors explain quickly the 
answers…” 
Survey and Qualitative Data Analysis Summary and Conclusion 
 Table 4.3 summarizes the differences observed between innovator expert 
professors and early adopter and majority proficient/novice professors: 
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Summary Innovators & Experts in 
Technology Use and 
Developed Technological 
Knowledge 
 
Early adopters, Early majority & 
Proficient/Novice in Technology Use 
and Beginning of Technological 
Knowledge 
 
Adoption 
process 
Expert by self-report, 
intermediate to advanced 
experience with technology  
(technology adoption stories) 
Proficient/Novice by self-report and 
limited experience with technology 
(lack of or initial stages of technology 
adoption stories) 
Time and 
process 
Engaged in technology use (for 
some time in a continuing 
process of adoption, growth, 
use, and re-purposing)  
Early adoption or use of technology 
and process of growth with technology 
(beginning of technology adoption, 
use, and knowledge)  
Technology 
Experience 
Possess a package of teaching 
experience with each 
technology and different 
technologies combined and 
technology design (experienced) 
Limited teaching experience in the use 
of each technology and different 
technologies combined and early 
design exposure/experience 
(proficient/novice) 
Skills and 
intentions 
Are part of the early adoption 
cohort and possess different 
intentions or ideas for teaching 
with technology (and are 
intrinsically motivated) 
 
Entering late to the teaching cohort 
with set intentions and may not 
possess the skills or technological 
knowledge for teaching with 
technology (and are extrinsically 
motivated) 
Teaching with 
technology 
Mature and possess expert 
expectations regarding teaching 
and learning with technology 
Rudimentary expectations and under-
developed ideas regarding teaching 
with technology  
Student 
engagement 
Established or experienced with 
the importance for engaging 
students with different 
technologies 
Beginning of interest or less 
experience for engaging students with 
different technologies  
Pedagogical 
skills 
Possess intermediate to 
advanced skills for teaching 
(intermediate to developing 
teaching and learning strategies 
with technologies). 
Possess a basic set of skills for 
teaching in traditional, face-to-face 
classes or online classes (no teaching 
and learning strategies to early 
levels/developing levels of teaching 
and learning strategies) 
Table 4.3: Research Analysis summary  
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 Several themes emerged from the survey, pre-observation interviews, observations, 
and post-observations data. 
§ Technology adoptions occurred over a period of time with more experience in 
the use of technology and pedagogy 
§ Subsequent technology adoptions happened when faculty members explored 
the new with an existing classroom or online technology 
§ Expert professors developed the pedagogical knowledge and technological 
knowledge as they explored the different uses of the technology in their 
classrooms 
§ Proficient professors showed an “initial developing” technological knowledge 
with pedagogical knowledge 
§ There was overwhelming support and agreement in the need for a means for 
different faculty members to share their adoption successes and failures in 
using technology in the classroom within their cohort and with other 
departments 
§ Peer-to-peer faculty member interactions and support was a prevalent 
means of learning new technologies in a familiar and relevant 
environment (classrooms or lecture halls) 
§ Faculty members knew about the existing resources on campus and 
technical assistance but they didn’t ask for the institutional resources 
and technical assistance. They mostly relied on faculty-to-faculty 
member support within their cohorts or groups 
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§ Expert and proficient faculty members utilized technology in ways that 
were meaningful to their chosen teaching style, pedagogical methods, 
and course requirements  
§ Proficient faculty members were interested in technology innovations but 
struggled to effectively use it in their teaching 
§ Proficient professors needed more support, explicit, and clear explanations or 
instructions in the use of technologies with different pedagogies  
§ Expert faculty members needed to explicitly or overtly communicate the 
use and design of different teaching activities with different 
technologies within their groups and with other institutional colleagues 
§ Proficient faculty members were interested in the ease of use and effective 
design and delivery methods with technologies and relied very much on their 
cohorts’ support and guidance 
§ Overall, all participants stated that their main focus was to enhance the 
students’ learning and student interactions during lectures with different 
technologies and during online sessions 
There was an overall relationship in the interviews and observations’ findings to 
the survey and the qualitative data provided supporting complementary and 
supplementary evidence and information to the survey data.  
The mixed methodology study was designed to provide data regarding the process 
by which university faculty members adopted and implemented technology in their 
teaching and learning environments in STEM undergraduate programs. The survey 
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provided descriptive data on the study sample with participants’ self-reports of 
technology adoptions and uses. Interviews and observations were conducted to further 
understand the faculty members’ technological knowledge and pedagogical designs. The 
constant comparative method of data analysis was employed to explore patterns of 
technology use among the participants. The data results from the interviews and 
observations triangulated with survey responses provided some insights into how 
different adopter categories were designing teaching and learning environments in two 
STEM undergraduate courses. 
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Chapter 5 
 The purpose of this study was to explore, examine, and understand different 
factors that may influence a faculty member’s decision to adopt and use educational 
technologies in a teaching and learning environment. This study looked at three research 
questions: –What are the processes of adoption of educational technologies and why do 
faculty members adopt different educational technology innovations as they first 
emerge?; – What evidence exists to create new teaching and learning opportunities with 
educational technologies in undergraduate classes?; and – How do faculty members 
bring together their content and pedagogical knowledge with technological knowledge 
in undergraduate classes to create better teaching and learning environments?, and 
aimed to add to a currently growing line of research focused on the process of 
technological adoptions, innovative technology use to improve teaching and learning in 
large undergraduate classes, and faculty members’ technological pedagogical and content 
knowledge (TPACK) competence at the STEM undergraduate programs in the higher 
education. This research employed a survey and different qualitative methods to obtain a 
variety of data for triangulation purposes. Results from the survey, interviews, and 
observations have allowed the researcher to draw certain conclusions based on the data 
analyses, research findings, to point out the limitations and implications of the study, and 
to provide suggestions for future research directions on this research topic. 
 The survey was adapted from a previous study (Medlin, 2001) and was based on 
the DOI framework (Rogers, 1995, 2003). It explored several adoption elements in the 
research questions such as social, organizational, and professional reasons as well as 
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educational technology use factors that would be discussed in this section. The survey 
also looked at the different types of technologies and their use in the undergraduate 
classrooms. Based on the DOI survey, pre-observation interview questions were 
developed to further understand faculty members’ reasons and patterns of technology 
adoptions and use. The observation protocol and post-observation interview questions 
were developed from the Active learning (Bonwell & Eison, 1991) and TPACK 
theoretical frameworks (Mishra & Koehler, 2006, 2009) that allowed the researcher to 
observe and ask about faculty members’ technological knowledge, pedagogical 
knowledge, content knowledge and technology use in the classrooms and online. The 
chapter concludes with a discussion of the study's limitations, implications, and 
recommendations for future research directions. 
Discussion and Conclusion of the Results 
 Based upon the literature review, the research methodology, and the findings in 
chapter four, the discussion and conclusion section provides some of the analyses from 
survey data, interviews, and observation data and are discussed by each research 
question. 
Research question 1: What are the processes of adoption of educational 
technologies and why do faculty members adopt different educational technology 
innovations as they first emerge?  
Research question 2: What evidence exists to create new teaching and learning 
opportunities with educational technologies in undergraduate classes? 
In the DOI literature, the decision by a user to adopt or reject the innovation was 
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described as an event, and the process of adoption consisted of a series of actions and 
choices over time based on certain factors within a social system (Roger 1993, 2005). The 
innovation diffusion process may be influenced by social and organizational factors that 
included factors such as peer pressure, peer support, physical resources, institutional 
support, and institutional mandates. From the survey and the pre-observation interviews, 
research question one and two provided the results of social, organizational, and 
professional motivational factor and the researcher looked at what was considered 
important in the adoption process by the participants. Different types of technologies used 
and the frequency of their use was also examined and compared with above-mentioned 
adoption factors and self- identified adopter categories and technology expertise levels. 
The survey looked at the faculty members' responses to determine which of the factors 
appeared as the most influential among the social and organizational factors. The results 
of the survey provided some evidence that multiple factors weigh in a faculty member's 
decision to adopt and use new technological innovations.  
In the survey, the demographic factors were identified and the categories of rank, 
tenure status, and level of technology experience or expertise displayed the participants’ 
general information. The results identified three general types of adopters (innovators, 
early adopters, and early majority) and technology use expertise (experts versus 
proficients/novice users). The three adopter categories differed by rank, tenure status, 
and years of experience as well as by the level of technology use and experience. 
Surprisingly, the survey did not identify any differences based on the number of students 
in the each class, tenure, rank or number of years teaching. 
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 The researcher looked at the relationship between self- identified adopter 
categories and the types of technology used with different types of teaching and learning 
activities. The survey results suggested that innovators - expert users of technology 
were the leading users of educational technologies with different teaching and learning 
activities. They used classroom technologies as well as online technologies from “most of 
the time” to “almost all the time.” Early adopters/early majority or proficient/novice 
users of technology used classroom technologies “most of the time” whereas they 
“hardly or rarely used” online technologies for teaching and learning activities. 
Surprisingly, the survey did not identify any differences based on the number of students 
in the each class, tenure, faculty rank or number of years teaching, but there was a 
difference in the level of technology adoption and use by innovator-experts and early 
adopters/majority adopter or proficient and novice technology users. 
The responses of the questions that looked at social factor such as peer support, 
peer pressure, mentors, shared values within the department, and students were 
significantly different among the different adopter categories. For expert professors, peer 
support, peer pressure, and mentors were not important. But for proficient/novice 
professors, peer support and mentors were one the important factors in the adoption 
process. Of all the social factors explored, "student learning" and “professional interest 
in enhancing student learning” appeared to be the most important for all eight faculty 
members. In the organizational category, the “physical resource support” or the 
“classrooms with technologies” was found to be the most significant for all professors. 
For the professional motivational factors, the faculty members “professional interest in 
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educational technology, “professional interest in improvement in my teaching” and 
“professional interest in enhancing student learning” were looked at and the professional 
factors were a great influence on a faculty member's decision to adopt technologies for 
teaching and learning in the classroom.  
The pre-observation interviews provided the more in-depth accounts of technology 
adoptions and how faculty members developed their technological knowledge by providing 
evidence of how they started creating teaching and learning opportunities with educational 
technologies in undergraduate classes. The interviews also provided information regarding 
how expert professors developed and created each teaching and learning session with the 
technologies they adopted over time. Expert professors had rich accounts on the adoption 
process of different educational technologies. They also had longer timelines for some 
technology adoptions and se. Proficient professors also had accounts or stories of how 
they started teaching with technologies and how they were learning to design learning 
activities with each technology from their group or teaching cohort. Proficient or novice 
professors’ process and time of adoption was different and the course of adoption was 
accelerated. The interview data further provided more information about the differences 
between the proficient and expert professors’ expertise and ways of using and teaching 
with each educational technology. 
Research question 2: What evidence exists to create new teaching and learning 
opportunities with educational technologies in undergraduate classes?  
 Research question 3: How do faculty members bring together their content and 
pedagogical knowledge with technological knowledge in undergraduate classes to 
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create better teaching and learning environments? 
DOI (Rogers, 2003), active learning (Bonwell & Eison, 1991), and technological 
pedagogical and content knowledge (TPACK) frameworks (Mishra & Koehler, 2006, 
Harris, Koehler, & Mishra, 2009) allowed for further exploration and understanding of the 
data and research question two and three from the pre-observation interviews, observations, 
and post-observation interviews regarding the uses of different technology and the 
pedagogy in the undergraduate classrooms. The active learning theory and TPACK 
provided the basis for the post-observation interviews, classroom, and online observation of 
technology and pedagogical designs used in the STEM undergraduate programs. The DOI 
and TPACK frameworks allowed the researcher to understand how technological adoptions 
and technological knowledge helped faculty members develop different teaching and 
learning activities with educational technologies in their courses.  
 In the qualitative data, the results from the interviews and observations showed that 
faculty members’ adoptions patterns were different for expert users of technologies and 
proficient/novice users. The interviews and observation profiles of different adopters 
helped in understanding exactly the salient elements or details that theories of diffusion and 
adopter categories, may have left out. Adoption stories or patterns of adoption of expert 
professors and proficient/ novice professors captured the subjective aspect of the adoptions 
with their thoughts and experiences. The survey on diffusion of innovation theory (Roger, 
1995, 2003) allowed forming a general understanding of the technology adoptions by the 
eight participants, while interviews and observations provided a closer look and a 
subjective point of view of the different adopters, their technological knowledge or 
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pedagogical knowledge stories, and experiences with educational technologies. 
The qualitative data also provided some insight into the development of expertise, 
faculty members’ dispositions, decision making, and motivation for technology adoption 
efforts and use. The interview and observation data were meant to be valuable accounts of 
the faculty members’ individual and collective experiences, their expectations for possible 
benefits from using educational technologies for teaching and learning, and a variety of 
pedagogical strategies they used to support the teaching and learning processes within their 
classrooms. There was some consistency in what the expert faculty members regarded as 
important and valuable for teaching and learning with their specific teaching methods for 
using technology in their classes. It was found that expert users had a longer timeline for 
adoption of different classroom and online technologies and its subsequent uses. Expert 
professors were also mostly concerned with increasing student engagement and enhancing 
the student’s learning experience. The interview data provided information regarding the 
incremental adoptions and how faculty members’ technology use and technological 
knowledge helped to slowly develop pedagogical knowledge. Proficient professors had a 
different timeline of adoptions and a limited experience using some of the technologies. 
They also had a developing technological knowledge and pedagogical knowledge. The 
combined data from the observations and post-observation interviews also allowed the 
researcher to see the differences by disciplines and how the different technologies were 
being used by faculty members in the undergraduate classrooms. 
 From the observations and interviews, the data also allowed seeing connections 
between the way the faculty members used technologies in their classrooms and created 
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teaching and learning opportunities for their students. The observations provided detailed 
information regarding the adopted technologies in the classroom and online and how they 
were being used. Expert professors’ observations provided more details about the ways 
they had integrated different technologies into their lectures and online sessions. The time 
spent on each teaching and learning activity with the students allowed to see how the 
professors were comfortable with that particular technology. The use of technology with 
multiple activities within each teaching and learning session was more integrated and 
concrete. For example, technology adoptions and technological knowledge allowed for the 
development of pedagogical knowledge. For example, in the expert professors’ adoption 
stories, MS PPT was adopted first to show a few images and then clickers were adopted 
and combined with MS PPT. It was then followed by smart podium that allowed 
professors to combine clicker questions with MS PPT slides for explanations, derivations, 
and drawings. Then, ECHO360 lecture capture was adopted for recording lectures to help 
students review and revise if they miss a lecture or for quizzes and final examinations. 
With each technology, pedagogical knowledge developed overtime for expert users. The 
data from the proficient professors allowed seeing that they their pedagogical knowledge 
and technological knowledge was still at an early stage of development. Proficient or 
novice professors followed the expert professors within their teaching cohorts and tried to 
follow the teaching and learning designs with different technologies. Pedagogical 
knowledge was at an early stage (or at a developing stage) for proficient/novice users.  
 From the interviews and observation data, professors responded that they didn’t 
have any pedagogical designs before they adopted educational technologies and online 
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technologies. The expressed that with technological knowledge and the different 
technology uses they developed and designed different teaching and learning activities in 
their lectures. Expert professors in Physics followed teaching and learning activities 
based on Physics education experts and this had an influence on the pedagogical uses 
with different educational technologies. Evidence of pedagogical and technological 
knowledge was demonstrated in the lectures. During the observations in Physics, peer-to-
peer instruction activities were observed. One of the examples was that the professor 
reviewed the responses from the online flipped session (online video and quiz questions) 
before the class. He would then start with an individual clicker question. He would allow 
the students to work on the problem/question alone (approximately 1 minute), and then 
display students’ individual responses. He would discuss the possible solutions or the 
possible ways to think about it with students, then re-poll the question by asking the 
students to share their responses with their peers or someone who had a different 
response, and send the response via clicker again. In Chemistry, expert professors were 
influenced by leaders in Chemistry education. One of the techniques that they had 
developed over time was the modeling technique.  The professor would ask a clicker 
question at the start of the class, and then the professor would ask the students to think 
about the responses in qualitative ways. The professors would walk around and discuss 
the responses with a few students (talking loudly on the microphone), would walk back 
and share the clicker responses via MS PPT or Keynote slide, and then he would explain 
on the smart podium by writing on blank slides or drawing on the slides and speak loudly 
saying that was how he would think about the answers or on how to think about the 
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chemical process or derivation of the equation. He would record all modeling techniques 
with ECHO360 Lecture capture so that they students could view or review the different 
in-class activities several times. 
Implications of the Results 
 Based on the results of the mixed method study, following are a summary of 
recommendations that the researcher extracted from the study. The recommendations are 
meant to help educational technologist, learning design specialists, and faculty members’ 
augment their technology use and adoptions, and to help them develop the different 
components of technological knowledge and pedagogical knowledge. The 
recommendations are some of the ways to think about faculty members’ technology 
adoption processes, encourage knowledge sharing (pedagogy and technology) with other 
professors, increase access to expert faculty members, combine expert educational 
technologists’ support with expert professors, and expert professional development 
resources and knowledge sharing for professors. This can be done at the faculty member 
level in the form of peer to peer interactions (newly-hired professor to another new 
professor or expert professor to newly-hired professor), at the discipline level in the shape 
of expert faculty members (expert in content knowledge, technological and pedagogical 
knowledge), at the department level with the help of expert faculty release time for 
pedagogical and technological trainings, and at the university level in the form of 
combined trainings and support by expert professors sharing their technological 
knowledge and pedagogical knowledge with educational technologists. 
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Discipline or Subject level Support 
 The mixed study data indicated that different faculty members favor technological 
support at different levels. They preferred to share and learn from other faculty members 
as a means of developing their knowledge and share their teaching and learning best 
practices. They also wanted more support from their peers within their disciplines. From 
the data, it was clear that the professors didn’t seek formal supports, trainings, and formal 
recognition from the university. The following suggestions were developed from the 
survey, interviews, and observations of the faculty members:  
1.   Increase faculty-to-faculty interactions focused upon sharing technology uses, 
tips, and practices proven to be effective within their classrooms. 
2.   Informal discipline specific meetings at specified times (such as weekly coffee 
meetings for pedagogical and technological knowledge discussions) and for 
sharing of information about educational technologies and technological 
pedagogical and content knowledge (TPACK). 
3.   Informal event (such as monthly or three times per semester gatherings of 
experts) for discussions on current teaching practices in their STEM specific 
disciplines and examples of best teaching and learning practices (what works and 
what doesn’t). 
4.   Informal departmental support (by deans) in the recognition of expert faculty 
members’ who were willing to share information and knowledge concerning 
teaching and learning with educational technologies. 
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Departmental level Support 
 Study data showed that faculty members utilize institutional provided support less 
or almost never. For them, it was important to provide or seek support at the departmental 
level to increase their professional use of technology in teaching and learning. The 
following recommendations emerged from the data: 
1. Create or identify, and develop pockets of faculty expertise within each 
subject and department. 
2. Redesign the available support systems. Instead of using centralized 
institutional supports via help desks and educational technologists alone, 
provide faculty members with the possibility of subject or department based 
expert support options and solutions. For example, department level meeting 
times could be allocated for development of faculty member’s teaching 
expertise with educational technologies. 
3. Provide discipline based team mentors and team based coaching. Expert 
faculty members can be paired up with other faculty members and can create 
portfolios or e-portfolios for teaching and pedagogy with technologies and 
seamless integration of best teaching and learning practices, best uses of 
educational technologies, and the possible learning benefits for students 
learning. The portfolios or e-portfolios can be shared with other departments 
and disciplines for inter-departmental or intra-departmental coaching and 
mentor opportunities. 
4. Encourage department wide recognition of experts who are willing to share 
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their technological knowledge and pedagogical knowledge concerning 
teaching with different educational technology. 
Professional development and Institutional Support Resources 
 As the data indicated that institutional resources and professional development 
were not important factors in faculty members’ motivation to adopt and implement 
educational technology. The data that emerged from the mixed-methods study in the form 
of ideas are as follows: 
1. Faculty members expect the university to provide appropriate hardware and 
software in the classrooms but do not seek the necessary institutional 
resources for hardware or software information or training of the use of 
educational technologies in teaching and learning. They prefer to learn from 
their immediate peers, colleagues, or experts in their respective fields or 
subjects. Based on the results of the data, it was suggested that the expert 
professors could create online peer training of best uses in the form of micro-
learning sessions that will allow new adopters or new faculty members to have 
access to the expert knowledge regarding classroom technologies or 
educational technologies and pedagogy from the start of their first year 
teaching at the university.  
2. In the micro-learning design, expert faculty members’ could be the content 
developer of each unit of information and could be in charge of the design and 
development of their own professional development within their disciplines 
and departments giving them opportunity to pick and choose applicable 
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lessons while guiding other faculty members (newly-hired or novice users)and 
themselves as well.  
3. One of the ideas that came from the research was the” just-in-time” short and 
precise information regarding teaching and learning with a particular 
technology that new faculty members could access all the time. Micro-
learning sessions could help provide the “just in time” precise information to 
all faculty members. The “just-in-time” session would allow proficient users 
to access the information right when they need it. 
4. From the research data, faculty members said that they did not have time to 
attend trainings and other professional development meetings. In the new 
micro-learning sessions, new faculty members’ or new adopters’ time could 
be respected. They can access the trainings anytime and anywhere without the 
need to be physically present at training sessions. By design, micro-learning 
will be based on a solitary unit of information that will allow busy professors 
to learn, process, and apply new information regarding one particular 
technology or one pedagogical activity within a certain discipline.  
5. Expert professors can use micro-learning to deliver units of information or 
classroom teaching and learning tips again and again, reinforcing best 
practices and allowing for exploration of teaching and learning possibilities 
(and faculty members’ pedagogical synthesis) over many possible interactions 
such as in face-to-face faculty meetings and informal sessions. The research 
showed that one time mention or exploration of a technology or a pedagogical 
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activity was not sufficient. It would help the new adopters of educational 
technology to have clear and explicit ways that the educational technology 
could be used to increase student interactions and student learning 
opportunities in the classroom and online.  
6. Micro-learning would not require an elaborate design. It could be developed 
in less time by the expert professors by using personal recording software 
such as QuickTime screencasting software, ECHO 360 lecture capture or 
ECHO 360 personal capture. This will allow them to develop single units of 
trainings that they could be sent out to their coaching teams and mentees. 
7. In the micro-learning expert created content, the professors become creators 
or designers (and teach others) and may further share their expertise through 
possibly creating university wide social feeds, blogs, and provide immediate 
feedback to others when they share it in a community or network of university 
professors. 
8. Expert professors can vary the modes or methods of delivery addressing 
multiple ways of accessing the micro-learning units. They can select the 
training units based on other faculty members’ preferred method of learning 
and options.  Expert professors can use micro-learning to personalize the 
delivery of the content to individual professors in different formats such as 
videos, vodcasts or podcasts, and text based daily, weekly or bi-weekly 
activities. Expert professors can create an array of micro-learning units and 
provide new professors with different options or pathways to learning how to 
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use a new technology or how to teach with educational technologies and 
online technologies (with possible pedagogical activities). 
Limitations of the study 
 The survey was collected from a limited sample of faculty members and 
interpreted in a descriptive and non-statistical way. The survey was researcher-modified 
and would require additional dissemination to a larger sample size to acquire additional 
reliability and validity. It was noted that self-selection of stages of adoption was 
subjective and that there was a discrepancy of stages with faculty members having 
identified themselves as innovators and early adopters. The self-identified adopter 
category may need to be further developed to clearly identify adopters at the right level of 
technology use. The survey may also need to have more details in the adopter categories 
of not just technology (as hardware or hard skills with technology) but also of teaching 
activities with different technologies (as soft skills). The resulting insights from this 
research may help those who are training and designing professional development 
opportunities for faculty members at the university level and those who are going through 
different stages of technology adoption or those who have yet to start the adoption 
process.  
 The interview and observation data were analyzed with qualitative coding and 
frequency counting techniques by searching for themes and patterns to answer the 
research questions. The survey data permitted to get a generalized understanding of a 
small number of participants at one university. The qualitative research allowed for a 
deeper understanding of certain adoptions, technology use, or actions that may occur 
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within a certain context, but it did not permit making general inferences or a broad 
application due to the limited sample size. Based on the small sample size, the data 
results could also limit the generalizability to other STEM groups and universities as a 
whole. Because the interview responses were collected from faculty members at a single 
university during a specific time, the circumstances and general atmosphere of the 
university may have influenced the data collection and data interpretations. Certain 
factors unique to the university, faculty members’ disposition at the time of the data 
collection may make this study atypical and caution has to be used when making any 
generalizations to other faculty members, departments, and universities. Though the data 
was from a limited sample, it helped to describe and explore what was occurring with 
STEM professors and their educational technologies use in large undergraduate classes in 
higher education. The information from the data analysis could be used by educational 
technologist, administrators, faculty members, and deans who would be designing 
trainings and professional developments for faculty members. The results from the data 
could also help to bridge the gap between the expert users of technology in the classroom 
and the rest of the faculty members who have just started or have yet to embrace the use 
of educational technologies with different pedagogies in the undergraduate classes. 
Implications for Future Research 
 As this study looked at educational technology adoptions and uses in large 
classrooms, it is suggested that the future research on educational technology adoptions 
and uses can be broaden into other directions. More STEM cohorts could be studied to 
see if there are any similarities or differences within the different STEM disciplines. 
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While this study focused on the perceptions of faculty members from two STEM 
teaching cohorts, non-STEM cohorts’ differences were not considered. Separate 
understanding and perceptions from non-STEM cohorts could be valuable in that they 
would provide a different perspective and perhaps contrasting data on technology 
adoptions, the influence of technological knowledge on adoption and pedagogy and the 
subsequent pedagogical uses in large undergraduate classrooms. A focus group of newly 
recruited or hired faculty members could also provide a more in-depth understanding of 
the differences of how technology is being adopted and how they are developing their 
expertise in pedagogy and technology. Given that the researcher interviewed only eight 
professors, more interview and observation data would be needed from different 
universities that may provide more answers on how to better prepare faculty members for 
teaching and learning in higher education and how to facilitate the transition from 
traditional lectures to different forms of active learning with educational technology in 
the classrooms and online. 
 This study aimed to contribute further to DOI research, Active learning, and 
TPACK theoretical framework and provide mixed-method data results of faculty 
members’ adoptions and use of educational technology. The study intended to explore the 
role of technology and technological knowledge in bringing pedagogical change at the 
university level. The implications for future research involve the possibility of further 
development of the different technology adoption processes and pedagogical designs. 
Further research into the impact of technology on teacher-to-student, student-to-student, 
and student-to-content processes would add new dimensions to the understanding of 
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teaching and learning with educational technology at the university level. 
 Research could also be done to profile expert faculty members who are excellent 
teachers. This study could employ a longitudinal observation methodology to provide 
more information on technology adoptions, technological knowledge, and pedagogical 
knowledge. Although it was not the goal of the present study, future research of this kind 
may also choose to profile excellent professors who do not integrate technology into their 
teaching and learning to facilitate a comparison with the expert professor cases presented 
in this study. 
 Implications for future research could also include studying the self-efficacy and 
expectations of faculty members concerning technology use in the classroom. It would 
also be useful to study different informal support systems at the faculty members’ level to 
see how they try to help other faculty members increase their technology comfort levels 
and knowledge of educational technologies with different pedagogies. One of the other 
areas of research could be to see how expert faculty members could get course reductions 
every few years and how their free time helps them invest their time creating and 
developing technology-enhanced courses and curricula that could be standardized 
throughout the disciplines, departments, and at the university level. 
Conclusion 
Findings of the present study indicate that faculty members are influenced by their 
own professional motivations and student learning to improve their teaching methods and 
to enhance student interactions and learning through the use of different educational 
technologies. Universities need to identify ways to motivate faculty members to at least 
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try newer innovative teaching and learning methods with or without technologies. With 
the recognition of the social, organizational, and professional motivational factors both 
expert faculty members and university administrators could be made aware of the critical 
components necessary to construct and support a bottom-up  or user-centric successful 
innovation adoption decision process with late adopters, non-adopters, and newly hired 
faculty. The bottom-up approach would use expert professors as change agents and 
change designers that would encourage exchanges and meaningful dialogues about 
educational technology adoptions and uses within each discipline and department. 
 Universities need to consider faculty members professional development 
programs in the same way that they view academic programs for their undergraduate 
students. Successful faculty members’ supports and development programs should 
include coaching or mentoring (with expert professors identified by discipline or 
departments), delivery of technological and pedagogical expertise using a variety of on-
campus and off-campus formats (face-to-face, blended, online, self-initiated or self-
paced), and anyplace and anytime learning modules to accommodate just-in-time needs 
of each faculty member.  
 The design of faculty members’ trainings and support programs or systems must 
be valuable, relevant, current, and engaging. They should also demonstrate best practices 
with educational technologies in providing a participatory and facilitated learning 
environment. Faculty members’ support programs should address the multiple roles and 
needs of the faculty member as facilitator, teacher, advisor, mentor, and researcher. 
Finally, faculty members’ development can occur outside official training programs: 
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internal opportunities can include serving on and/or leading training committees, writing 
and administering grants for professional development within their disciplines and 
departments, and designing and facilitating official faculty members’ development 
programs with the university; external development opportunities can include attending 
educational technology conferences, conducting research projects with educational 
technologies, and collaborating with colleagues from other departments or universities. 
Thus, it is critical that universities continue to seek systemic ways to support and sustain 
educational technology adoptions and innovations and to connect to successful teaching 
and learning best practices or examples from within the universities as well as from 
outside the universities. 
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Boston University Charles River Campus Institutional Review Board 
 
25 Buick Street 
Room 157 
Boston, Massachusetts 02215  
T 617358 6115 
www.bu.edu/irb 
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Zarka A. Ali 
Doctoral Student 
School of Education 
2 Silber Way 
Boston, MA 02215	
Protocol Title: Higher Education Technological Knowledge and Patterns 
of Technology Adoptions in Undergraduate STEM 
Courses at Boston University 
Protocol #: 3173X  
Funding Agency: Unfunded  
IRB Review Type: Exempt (1) 
	
Dear Ms. Ali: 
	
On April 22, 2013, the IRB determined that the above-referenced protocol meets the 
criteria for exemption in accordance with CFR 46.101(b)(1).  Per the protocol, you will 
observe and interview STEM faculty.  This study will examine the adoption patterns of 
STEM faculty, determine which strategies have been successful and understand how 
technological knowledge has had an impact on faculty members’ pedagogical knowledge 
and content knowledge.   The exempt determination includes the use of: consent 
language, recruitment letter, survey, observation instrument, before-observation 
interview, and after-observation interview. 
	
Additional review of this study is not needed unless changes are made to the current 
version of the study. Any changes to the current protocol must be reported and reviewed 
by the IRB.  If you have any changes, please submit the Clarification Form located at 
http://www.bu.edu/irb/.  No changes can be implemented until they have been reviewed 
by the IRB. 
	
In approximately six months, you will receive an inquiry from the IRB to ascertain 
whether your study still meets the requirements for exempt review 
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If you have any questions, please contact me at 617-358-6115.  
Sincerely, 
 
	
Mary McCabe 
IRB Analyst 
Charles River Campus IRB 
	
cc: Bruce Fraser, PhD 
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Appendix B 
Consent letter 
This consent form is an agreement to participate in an investigation conducted by 
Zarka A. Ali as part of her research project. 
You understand that: 
• Your participation in this research is voluntary, and may be terminated at any time 
by your request 
• Participation in this study and/or withdrawal from this project will not adversely 
affect you in any way 
• Responses will have identifying components. These identifiers will be available 
only to the researcher and will not be released, shared, or discussed with any other 
person.  This strict confidentiality applies to all phases of this study and to the 
publishing of the final project report 
• Publication of this research could be disseminated to national, state, or local 
educational entities or governmental groups.  Your identity will not be attached to 
the final data in any way 
 There are no known risks involved in being a part of this project greater than daily 
ordinary occurrences. 
 You may direct additional questions to the researcher, Zarka A. Ali, at the above 
address or phone number. Email contact is zzali@bu.edu. Her research advisor is Prof. 
Bruce Fraser bfraser@bu.edu. If you have questions about participants’ rights or other 
concerns, you can contact the CRC-IRB at irb@bu.edu or 617/358-6115b 
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 If you agree to participate in the study described above and you can ask the 
researcher to provide to you a copy of this consent form if you so desire. 
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Appendix C 
Survey 
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Appendix D 
Qualitative Interviews and Observation Protocols 
Technology adoptions and TPACK Interview Protocol* 
Before Observation Interview Protocol:  
Technology adoption and general uses: 
1. Tell me how long you have been using educational technology. What was your 
motivation for first using technology? 
2. What do you feel is the most significant factor that augments your ability or desire to 
adopt and implement a technology innovation? 
3. What was your motivation for first using educational technology in your teaching? 
4.  How would you describe your process along the journey of technology adoption and 
implementation in teaching and learning? 
5.  Do you use the institution-provided professional development or do you rely on 
informal information from colleagues or other sources? 
6. How important is it to you to be a part of a group of colleagues when learning about or 
experimenting with a technology? 
7. What do you feel are the most beneficial ways to collaborate with colleagues? 
8. Are resources for technology more likely to be a barrier or a motivation for your use of 
technology in your classroom? 
9. What is the likelihood of your continuing to seek out and adopt new technology skills to 
be used in your teaching, and if positive, what would help this happen? 
 
UNIT/LESSON PREPARATION & DESCRIPTION: Describe the content and/or 
process topic(s) for a lesson preparation: 
1. Tell me about the lesson you will teach. Describe your students (e.g., course level, and 
specific learning needs/preferences). 
2. Tell me about the lesson preparation and describe how you start designing the content 
for the lesson. Describe the student learning goals/objectives addressed in the lesson. 
3. Describe the pedagogies or teaching methods for the lesson/unit 
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4. Describe how you select technologies that you will be using for teaching in your class. 
Walk me through the lesson/project as it will unfold in the classroom. What educational 
technologies (digital and non-digital) do you plan to use and how will you and/or your 
students use them? 
5. Describe any contextual information (e.g., access to other educational technologies, 
computer lab, materials and resources available; particular departmental/University-
wide initiatives) that influenced the design or implementation of the lesson/unit. 
 
Technological Pedagogical And Content Knowledge (TPACK) -SPECIFIC 
QUESTIONS: 
1. Describe the educational technologies that you will be using to teach your unit/lesson. 
2. How and why do the particular technologies used in this lesson/project “fit” the 
content/process goals? 
3. How and why do the particular technologies used in this lesson/project “fit” the 
instructional strategies you used? 
4. How and why do the learning goals, instructional strategies, and technologies used all 
fit together in this lesson/project? 
	
*Adapted From: 
Harris, J., Grandgenett, N., & Hofer, M. (2012). Testing an instrument using structured 
interviews to assess experienced teachers' TPACK. In C. D. Maddux, D. Gibson, 
& R. Rose (Eds.), Research highlights in technology and teacher education 2012 
(pp. in press). Chesapeake, VA: Society for Information Technology & Teacher 
Education (SITE). 
 
 
After classroom observation interview protocol 
 
UNIT/LESSON PREPARATION & DESCRIPTION: 
 
1. Describe if the student learning goals/objectives were addressed in this class? 
2. What pedagogical techniques worked well? 
3. Describe if you had to modify any pedagogical activities or teaching methods for the 
lesson/unit 
	
	
	
175 
4. What educational technologies (digital and non-digital) worked well in the class? 
5. Describe anything else that you had considered for this lesson and you were not able to 
use/implement. 
Technological Pedagogical And Content Knowledge (TPACK) -SPECIFIC QUESTIONS: 
1. How and why do the particular technologies used in this lesson/project “fit” the 
instructional strategies you used? 
2. How and why do the learning goals, instructional strategies, and technologies used all 
fit together in this lesson/project? 
Sub-Questions: 
1. How much time did you spend on the preparation for “subject”? 
2. How much time did you spend on the re-design of the Keynote/PPT slides on 
“subject”? 
3. What pedagogical activities/strategies were used in the teaching of “subject”? 
4. Where do/ did you get the clicker questions? Are there any books that you consult for 
the design of the questions? Who designs them? And what is their purpose? What do 
you do with the results?  
5. Do the questions test the students’ pre-session understanding of the content such as 
“subject”? Or misconceptions about “subject”? 
6. Before you started using educational technologies, what were the pedagogical 
techniques that you used to teach the “subject”?  
7. And with educational technologies, which pedagogical techniques have you kept, 
modified or discarded? Why? 
8. What are the total number of hours that a student spends for the pre-sessions, in-class 
and post-sessions? 
9. Where do you get your pedagogical knowledge? 
10. Who (advanced or weak students) benefits the most from the pre-sessions? In-class 
activities/clicker questions, group work/ post sessions homework discussions? 
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Technology Integration Observation Instrument 
 
Observer                                                              Teacher                                                                 Date     
 
Grade Level(s)    Subject Area(s)     Primary Learning Goals       
 
Directions: 
We have tried to key the components of this instrument to different aspects of teachers’ knowledge for technology 
integration. Please note, however, that the instrument is not designed to assess this knowledge directly.  It is designed to 
focus upon the use of technology integration knowledge in observable teaching. Please record the key curriculum topics 
addressed, instructional strategies/learning activities observed, and digital and non-digital technologies used by the teacher 
and/or students in the lesson.  
Curriculum Topic Key Instructional Strategies/Learning Activities Digital1 & Non-Digital2Technologies 
   
   
   
   
   
 
What, if anything, do you know about influences upon what you have observed in this lesson? Examples might include 
students’ learning needs, preferences, and challenges; access to technologies; cultural, language and/or socioeconomic 
factors.  
 
1 Computer-based  (e.g., software, Web-based resources, video or audio recorder, document camera, calculator) 
2 Not computer-based  (e.g., overhead projector, textbook, whiteboard, pen/pencil/marker) 
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Technology Integration Observation Instrument3i 
 
Directions: Referring to the notes you made on the previous page, including your responses to the question about influences, 
please complete the following rubric, considering the lesson as a whole. 
 
 4 3 2 1 
Curriculum Goals & 
Technologies 
 
(Matching technology to 
curriculum) 
Technologies used in the 
lesson are strongly 
aligned with one or more 
curriculum goals. 
Technologies used in the 
lesson are aligned with 
one or more curriculum 
goals. 
Technologies used in the 
lesson are partially 
aligned with one or more 
curriculum goals. 
Technologies used in the 
lesson are not aligned 
with one or more 
curriculum goals. 
Instructional Strategies 
& Technologies 
 
(Matching technology to 
instructional strategies) 
Technology use optimally 
supports instructional 
strategies. 
Technology use supports 
instructional strategies. 
Technology use 
minimally supports 
instructional strategies. 
Technology use does not 
support instructional 
strategies. 
Technology Selection(s) 
 
(Matching technology to 
both curriculum and 
instructional strategies) 
Technology selection(s) 
are exemplary, given 
curriculum goal(s) and 
instructional strategies. 
Technology selection(s) 
are appropriate, but not 
exemplary, given 
curriculum goal(s) and 
instructional strategies. 
Technology selection(s) 
are marginally 
appropriate, given 
curriculum goal(s) and 
instructional strategies. 
Technology selection(s) 
are inappropriate, given 
curriculum goal(s) and 
instructional strategies. 
“Fit” 
 
(Considering curriculum, 
pedagogy and technology 
all together) 
Curriculum, instructional 
strategies and technology 
fit together strongly 
within the lesson. 
Curriculum, instructional 
strategies and technology 
fit together within the 
lesson. 
Curriculum, instructional 
strategies and technology 
fit together somewhat 
within the lesson. 
Curriculum, instructional 
strategies and technology 
do not fit together within 
the lesson. 
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 4 3 2 1 
Instructional Use 
 
(Using technologies 
effectively for 
instruction) 
Instructional use of 
technologies is maximally 
effective in the observed 
lesson. 
Instructional use of 
technologies is effective 
in the observed lesson. 
Instructional use of 
technologies is minimally 
effective in the observed 
lesson. 
Instructional use of 
technologies is 
ineffective in the 
observed lesson. 
Technology Logistics 
(Operating technologies 
effectively) 
Teachers and/or students 
operate technologies very 
well in the observed 
lesson. 
Teachers and/or students 
operate technologies well 
in the observed lesson. 
Teachers and/or students 
operate technologies 
adequately in the 
observed lesson. 
Teachers and/or students 
operate technologies 
inadequately in the 
observed lesson. 
 
 
Comments:____________________________________________________________________________________________
______________________________________________________________________________________________________
______________________________________________________________________________________________________ 
 
 
3Adapted from: 
Harris, J., Grandgenett, N., & Hofer, M. (2010). Testing a TPACK-based technology integration assessment 
instrument. In C. D. Maddux, D. Gibson, & B. Dodge (Eds.). Research highlights in technology and teacher 
education 2010 (pp. 323–331). Chesapeake, VA: Society for Information Technology and Teacher Education 
(SITE). 
 
i “Technology Integration Observation Instrument” by Judi Harris, Neal Grandgenett & Mark Hofer is licensed 
under a CreativeCommons Attribution-Noncommercial-No  Derivative Works 3.0 United States License. 
 (http://creativecommons.org/licenses/by-nc-nd/3.0/us/) 
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Appendix E 
Survey results Tables and Graphs 
 
1.  What is the approximate student enrollment in your class? 
115 
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 79 
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 Total Responses 8 
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1.		What	is	the	approximate	student	
enrollment	in	your	class?	
1.		What	is	the	approximate	
student	enrollment	in	your	
class?	
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2.  Please indicate your current academic rank. 
1 Full Professor 3 
2 Associate Professor 0 
3 Assistant Professor 1 
4 Adjunct Professor 1 
5 Instructor 0 
6 Other 3 
 
Total 8 
   Other 
  Master Lecturer 
  Senior Lecturer 
  Postdoctoral faculty fellow 
  
   Total Responses 8 
  
 
  
0	 0.5	 1	 1.5	 2	 2.5	 3	 3.5	
Full	Professor	
Associate	Professor	
Assistant	Professor	
Adjunct	Professor	
Instructor	
Other	
Series1	
Series2	
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3.  I am 
1 Tenured 3 
2 On Tenure Track 1 
3 Full Time 1 
4 Non Tenured track 2 
5 Adjunct/Part Time 1 
6 Other 0 
 
Total 8 
 
 
 
  
0	 0.5	 1	 1.5	 2	 2.5	 3	 3.5	
Tenured	
On	Tenure	Track	
Full	Time	
Non	Tenured	track	
Adjunct/Part	Time	
Other	
Series1	
Series2	
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4.  How long have you been teaching? 
1 1 – 3 years 1 
2 3 – 6 years 2 
3 7 – 10 years 0 
4 10+ years 5 
5 Other 0 
 
Total 8 
 
 
 
 
  
0	 1	 2	 3	 4	 5	 6	
1	-	3	years	
3	-	6	years	
7	-	10	years	
10+	years	
Other	
Series1	
Series2	
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5. 
1 Expert 4 
2 Proficient 3 
3 Novice 1 
4 Non participant 0 
5 Other. 0 
 
Total 8 
 
 
 
  
0	 0.5	 1	 1.5	 2	 2.5	 3	 3.5	 4	 4.5	
Expert	
Proficient	
Novice	
Non	parOcipant	
Other.	
Series1	
Series2	
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6.  Please select which of the following labels best describe your disposition toward the 
adoption of educational technologies: 
1 Type 1 (traditional, consider technology unnecessary or resist new innovations until absolutely certain that it will not fail) 0 
2 Type 2 (cautious about change, require convincing of the educational necessity of a change, uncomfortable with uncertainty) 0 
3 
Type 3 (consider fully all consequences, interact frequently with 
peers, willing to change to a new way or method but not willing to be 
a leader in the process) 
1 
4 
Type 4 (make judicious innovation decisions by fully evaluating 
something new, use interpersonal networks within your immediate 
area to gain more information) 
1 
5 Type 5 (venturesome, really like to try new things and techniques, seeker of information outside of immediate area). 5 
6 Other (Early adopter) 1 
 Total 8 
 
 
 
0	 1	 2	 3	 4	 5	 6	
Type	1	(tradiOonal,	consider	technology	
unnecessary	or		resist	new	innovaOons	
unOl	absolutely	certain	that	it	will	not	fail)	
Type	2	(cauOous	about	change,	require	
convincing	of	the	educaOonal	necessity	of	
a	change,	uncomfortable	with	uncertainty)	
Type	3	(consider	fully	all	consequences,	
interact	frequently	with	peers,	willing	to	
change	to	a	new	way	or	method	but	not	
Type	4	(make	judicious	innovaOon	
decisions	by	fully	evaluaOng	something	
new,	use	interpersonal	networks	within	
Type	5	(venturesome,	really	like	to	try	new	
things	and	techniques,	seeker	of	
informaOon	outside	of	immediate	area).	
Other	
Series1	
Series2	
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7.  How important have the following factors been in your ... 
  
Not 
Important 
Somewhat 
Important Neutral Important 
Very 
Important 
Not 
Applicable 
1 Peer Support 1 0 0 4 3 0 
2 Peer Pressure 4 0 2 1 0 1 
3 University Mentors 2 0 0 3 2 1 
4 Shared Values in the department 1 0 2 2 3 0 
5 Students Learning 0 0 0 2 6 0 
6 Mandate from the University 2 0 2 1 0 3 
7 Institutional Reward System 2 0 3 1 0 2 
8 
Formal Recognition on a 
Department, College, University 
level 
1 0 4 1 0 2 
9 New classroom Equipment or new classroom/lecture room 0 0 0 2 6 0 
10 New educational technologies and teaching tools 0 0 0 3 5 0 
11 Professional interest in educational technology 1 0 2 2 3 0 
12 Professional interest in improving my teaching 0 0 0 1 7 0 
13 Professional interest in enhancing student learning 0 0 0 1 7 0 
Total 
Responses  8 8 8 8 8 8 
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0	 1	 2	 3	 4	 5	 6	 7	 8	 9	
Peer	Support	
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University	Mentors	
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Formal	RecogniEon	on	a	Department,	College,	University	
level	
New	classroom	Equipment		or	new	classroom/lecture	
room	
New	educaEonal	technologies	and	teaching	tools	
Professional	interest	in	educaEonal	technology	
Professional	interest	in	improving	my	teaching	
Professional	interest	in	enhancing	student	learning	
	Not	Important	
	Somewhat	
Important	
Neutral	
Important	
Very	Important	
Not	Applicable	
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8.  Please select the most appropriate response options that best describes your attitudes and predisposition toward the 
following: 
  
Strongly 
agree Agree Neutral Disagree 
Strongly 
disagree 
1 I don't rush into decisions to try something new 0 4 2 1 1 
2 I would prefer to be a follower, not a leader, in all situations 0 0 1 4 3 
3 I only enjoy socializing with people who share similar values in trying new things 0 1 2 1 4 
4 I like interacting frequently with my peers 4 4 0 0 0 
5 If I don't like something I will discontinue using it 0 7 0 1 0 
6 I am among the first in my professional or social life to try new things 2 5 1 0 0 
7 I will try new things once they have been thoroughly tested and guaranteed not to fail 0 0 2 6 0 
8 I consider myself to be an empathetic person 2 6 0 0 0 
9 I have the ability to understand and apply highly technical knowledge 5 3 0 0 0 
10 I like to base my decisions on past experiences 0 5 3 0 0 
11 I welcome all opportunities to be a leader in my professional or academic life 2 4 2 0 0 
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12 I can make a quick decision to try something new 2 6 0 0 0 
13 I prefer that things not change but remain the same most of the time 0 0 3 3 2 
14 
I am cautious and deliberate in my decision-making, 
preferring to know all the variables when making a 
decision to try something new 
0 1 0 6 1 
15 I am well respected and sought out for advice in my professional area 2 5 1 0 0 
16 
I prefer to reduce the uncertainties associated with 
new things by researching and evaluating them 
closely 
0 4 0 4 0 
17 I am traditional by nature 0 1 0 5 2 
18 I don't feel that I have to be the first to try something new in my professional or social life 2 3 2 0 1 
Total 
Responses  8 8 8 8 8 
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I	don't	rush	into	decisions	to	try	something	new	
I	would	prefer	to	be	a	follower,	not	a	leader,	in	all	situaEons	
I	only	enjoy	socializing	with	people	who	share	similar	values	in	
I	like	interacEng	frequently	with	my	peers	
If	I	don't	like	something	I	will	disconEnue	using	it	
I	am	among	the	first	in	my	professional	or	social	life	to	try	
I	will	try	new	things	once	they	have	been	thoroughly	tested	
I	consider	myself	to	be	an	empatheEc	person	
I	have	the	ability	to	understand	and	apply	highly	technical	
I	like	to	base	my	decisions	on	past	experiences	
I	welcome	all	opportuniEes	to	be	a	leader	in	my	professional	
I	can	make	a	quick	decision	to	try	something	new	
I	prefer	that	things	not	change	but	remain	the	same	most	of	
I	am	cauEous	and	deliberate	in	my	decision-making,	
I	am	well	respected	and	sought	out	for	advice	in	my	
I	prefer	to	reduce	the	uncertainEes	associated	with	new	
I	am	tradiEonal	by	nature	
I	don't	feel	that	I	have	to	be	the	first	to	try	something	new	in	
Strongly	agree	
Agree	
Neutral	
Disagree	
Strongly	
disagree	
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9.  Please select the response option that describes the frequency of your use of educational technologies (technologies that 
you have used in the past or are using this semester).  
  Never Seldom Occasionally Often 
Almost all 
the Time 
Not 
Applicable 
1 
Use(d) a personal computer, projector, 
Sympodium, and/or document camera in 
the classroom 
0 0 0 0 8 0 
2 
Use(d) Audience Response systems to 
record students; responses based on in-
class lectures 
0 0 0 0 8 0 
3 
Use(d) a PowerPoint or another 
presentation tool, MS office, simulation 
software, and/or lecture writing 
applications for teaching of course 
content 
0 0 0 0 8 0 
4 
Use(d) videos, audio files or podcast to 
deliver lecture, concepts or course 
content 
0 2 2 1 3 0 
5 
Create(d) and Use(d) an online course 
syllabus with hyperlinks to course 
content resources 
0 0 1 0 5 2 
6 Use(d) personally designed online lectures, notes, and tutorials 0 0 0 2 3 3 
7 Use(d) personally designed online tests or quizzes 3 0 0 0 2 3 
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8 
Use(d) prepackaged commercial products 
(Blackboard quizzes, simulation 
software, commercial course content) to 
present online lectures, notes, and 
tutorials 
3 2 1 1 1 0 
9 
Exchange(d) student written work 
(papers, weekly assignments) via the web 
through email, digital Dropbox, 
discussion forums, etc.); 
3 0 0 2 2 1 
10 Design(ed) and provide(d) web-based classroom content 3 0 0 0 3 2 
11 Enable(d) and support(ed) student group work in virtual environments 4 1 1 0 1 1 
12 
Enable(d) and support(ed) collaboration 
among students via web-based tools or 
programs; 
4 0 1 1 1 1 
13 Record(ed) audio system like mp3 files or podcasts for online teaching or review 5 2 0 0 0 1 
14 Record(ed) videos for online teaching or review 2 1 1 1 1 2 
15 
Use(d) LectureCapture 360 to record 
classroom lectures for pre-class viewing 
or post-class lecture review 
3 0 0 2 3 0 
	
	
	
192 
16 
Conduct(ed) synchronous or 
asynchronous forums for content review, 
quizzes and home works 
3 0 0 2 2 1 
17 Use(d) web-based Bulletin Boards for providing instructions 3 1 1 0 2 1 
18 Conduct(ed) academic advising in virtual environments 5 1 1 0 0 1 
19 Other 3 0 0 0 0 3 
20 Other       
Total 
Responses  8 8 8 8 8 8 
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11.  Please select all the appropriate responses for the following educational technologies. 
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1 
Audience 
Response 
Systems 
(clickers) 
5 1 4 8 6 0 0 6 2 4 0 0 0 0 
2 
Audio, 
Podcasts, or 
mp3 
0 0 0 1 2 1 0 0 0 0 0 1 1 6 
3 Video or vodcasts 0 0 0 0 2 1 0 0 1 0 0 1 1 5 
4 MS PPT or Keynote 0 0 2 3 8 7 1 4 2 2 0 0 0 0 
5 Lecture Capture 360 1 0 1 1 2 2 3 0 2 0 0 0 3 2 
6 Smartboard(s) 0 1 2 3 3 3 0 0 0 0 0 1 0 4 
7 Camera Document 0 0 0 1 6 3 0 0 0 0 0 1 0 2 
8 
Sympodium 
(annotation 
tool) 
0 0 1 1 6 4 1 2 1 1 0 1 2 0 
9 
Learning 
Management 
system 
(Blackboard) 
2 0 0 0 1 0 4 1 2 2 0 2 2 0 
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10 Piazza 1 0 1 1 0 1 1 0 0 0 8 1 0 0 
11 
Software for 
conceptual 
teaching 
1 0 0 2 1 1 1 1 1 1 0 1 0 5 
12 Software for simulations 1 0 0 2 3 3 0 0 0 0 0 1 0 4 
13 Other 1 0 0 0 0 0 1 1 0 1 0 0 0 5 
14 Other 0 0 0 0 0 0 0 0 0 0 0 0 0 6 
                Other 
WebAssign 
                Total 
Responses 8 8 8 8 8 8 8 8 8 8 8 8 6 6  
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